Automated  Size  Prediction 
for 

Try-on  of  U.S.  Army  Men's  Initial  Issue  Dress  Uniform 


Final  Report 


A  Short  Term  Research  and  Development  Task 
Proposed  Under  DLA900-87-D-0017 
Delivery  Order  #0026 


June  1992-June  1994 


PlTOlBUnON  STATElflEN?  K 

Approved  ioi  puciic  tele<u«| 

.  Dumbunon  Unhianed 


19960726  072 


Principal  Investigator:  Dr.  Nancy  J.  Staples 

Clemson  Apparel  Research 
(803)  646-8454 

Investigators:  Dr.  J.  Steve  Davis 

Department  of  Management 
(803)  656-3768 

Dr.  Roy  Pargas 

Department  of  Computer  Science 
(803)  656-5855 

Contractor:  Clemson  University 

Clemson  Apparel  Research 
500  Lebanon  Road 
Pendleton,  SC  29670 


^UnC  QUALITY  IKSPEOTSD  1 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE 
COPY  FURNISHED  TO  DTIC 
CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO 
NOT  REPRODUCE  LEGIBLY. 


Table  of  Contents 


Background  1 

Objective  1 

Research  Plan  2 

Preparations  2 

Initial  Scanning  Equipment  Availability  5 

Size  Prediction  System  Development  5 

An  explanation  of  case-based  reasoning  7 

Preliminary  system  plans  8 

Coding  scheme  used  for  recording  cases  8 

Progress  of  data  entry  10 

Checking  for  validity  of  cases  11 

Determining  how  to  handle  cases  in  ReMind®  11 

Run  time  for  predictions  12 

Progress  of  expert  system  data  entry  12 

The  first  prototype  prediction  system  12 

Demonstration  at  Bobbin  Show  13 

Improved  prototype  prediction  system  13 

System  predictions  14 

Improved  prediction  scheme  16 

Improved  data  import  18 

Arrangements  for  continued  use  of  the  case-based  reasoning  tool  20 

Review  and  project  planning  20 

A  field-test-worthy  prototype  expert  system  21 

First  operational  test 


23 


Table  of  Contents 


Related  issues  27 

Continued  expert  system  performance  evaluation  27 

Second  operational  test  28 

Size  prediction  system  learning  curve  studies  30 

First  learning  curve  study  30 

Second  learning  curve  study  31 

Selection  of  test  cases  32 

Forming  databases  32 

Converting  to  CBR  library  32 

Testing  33 

Refining  the  set  of  test  cases  33 

Results  of  second  learning  curve  study  34 

Third  learning  curve  study  34 

3D  body  scanner  interface  software  development  35 

Point-and-click  measurement,  circumferences,  and  straight-line  distances  36 
Porting  code  from  SUN  workstations  to  IBM  PC-compatibles  38 

The  user  interface  38 

Point  and  click  surface  measurement  39 

Single  source,  multiple  destination  (radial)  measurement  40 

Multiple  point  measurement  along  the  body  contour  41 

Development  of  PC  software  41 

Continued  tool  development — ^vertical  slices  43 

Automatic  body  part  recognition 


46 


Table  of  Contents 

Tracking  3D  body  scanning  technology  49 

Fact  finding  visit  to  Wright  Patterson  Air  Force  Base  52 

Investigation  of  British  scanning  devices  52 

Automation  of  armed  forces  measurement  blank  53 

Presentations,  demonstrations,  and  related  activities  56 

Accomplishments  59 

Tables 

1.  Structure  for  database:  A:\IMPORT.DBF  19 

2.  Initial  Weightings  24 

3.  Accuracy  percentages  from  test  at  Fort  Jackson,  November  10,  1993 

for  70  soldiers  (overall  garment)  26 

4.  Results  of  Testing  with  the  Stacked  Approach  34 

List  of  Figures 

1.  Example  of  body  scan  output  6 

2.  Highlighted  slice  for  curcumference  measurement  37 

3.  Highlighted  smface  distance  to  be  measured  (before  smoothing)  42 

4.  Vertical  slice  selected  44 

5.  Vertical  slice  displayed  in  side  view  45 

Appendices 

A:  Student  thesis,  Vemuri 
B:  Student  thesis,  Jindal 
C:  3DM  documentation 
D:  3DM  source  code 


E:  Student  thesis,  Knight 


Table  of  Contents 


Appendices 

F;  Student  paper,  Sen 

G:  Technical  paper  submitted,  OLE 

H:  Technical  paper  submitted,  IEEE 

I:  Newspaper  article,  Greenville  News.  June  3,  1993 

J:  Published  trade  article,  AIM  August  1994 

K:  Published  trade  article,  AIM  October  1994 

L:  Size  prediction  CDRLs 

M:  Measurement  extraction  CDRLs 


Background 


The  current  manual  system  for  selecting  uniform  sizes  for  try  on  is  inefScient 
due  to  errors  in  measurement  of  soldiers  and  repeated  trials  of  various  sizes 
of  garments.  Inaccuracies  in  measurement  generally  result  from  the 
improper  placement  of  the  measuring  tape  and  from  variations  in  its  tension. 
This  is  exacerbated  by  the  use  of  soldiers  on  detail  assigned  the  task  of 
measuring.  Even  among  experienced  fitters,  measurements  are 
inconsistent — measurements  taken  by  the  same  fitter  may  vary  in 
consistency  when  the  fitter  gets  tired.  Although  size  prediction  charts  are 
available,  they  are  not  effectively  used  because  of  the  fitters'  lack  of 
confidence  in  the  accuracy  of  the  measurements  and  the  difficulties  of 
accounting  for  priorities  among  body  dimensions.  Instead  of  relying  on  the 
prediction  charts,  a  "you  look  like  tMs  size"  approach  is  generally  employed. 

In  preliminary  tests  at  Fort  Jackson,  SC  the  feasibility  of  employing  an 
expert  system  to  determine  garment  sizes  was  demonstrated  through  the  use 
of  a  student  project,  rule-based  expert  system  for  pants.  The  prototype  expert 
system  was  quick  and  easy  to  use,  and,  in  spite  of  detail  soldiers  taking  the 
measurements,  it  selected  the  correct  garment  size  for  50%  of  the  100  soldiers 
involved  in  the  test.  An  expert  system  has  the  capability  of  prioritizing 
measurements  to  select  the  correct  or  most  easily  alterable  size  and  it  never 
gets  tired. 

The  tests  also  indicated  a  potential  for  significant  time  saving.  Based  on  data 
collected  at  Fort  Jackson,  a  correct  selection  of  trouser  size  by  the  expert 
system  could  reduce  fitting  time  to  less  than  half  the  average  time  required 
by  the  current  manual  method.  Saving  time  not  only  reduces  total  processing 
time,  but  also  achieves  significant  cost  savings  in  Clothing  Initial  Issue  Point 
(CUP)  operations.  Even  if  an  expert  system  selected  the  correct  size  only  60% 
of  the  time,  the  reduction  in  time  to  fit  20,000  soldiers  for  trousers  alone 
would  be  100  hours  per  CUP  employee,  or  $1000  each  based  on  an  average  of 
$  10/hour.  These  savings  could  be  realized  at  a  single  installation  during  the 
first  year. 

Incorporation  of  a  3-dimensional,  non-contact  measurement  device  could 
further  improve  the  fitting  process.  The  selection  accuracy  of  the  expert 
system  woiold  be  significantly  improved  if  it  were  provided  accurate, 
consistent  measurements.  The  need  for  better  accuracy  was  reinforced  by  the 
finding  at  Fort  Jackson  that,  for  a  random  sample  of  soldiers  included  in  the 
study  who  were  re-measured  by  trained  fitters,  80%  had  been  inaccurately 
measured  by  detail  soldiers. 


Objective 

The  objective  of  this  study  was  to  automate  the  prediction  of  US  Army  male 
dress  uniform  initial  issue  try-on  size  by  employing  an  expert  system  in 
coordination  with  accurate  3-dimensional,  non-contact  body  measurement. 
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Research  Plan 

The  Clip  at  Fort  Jackson,  led  by  Mr.  Lonnie  Turner,  Chief,  has  been  most 
cooperative  and  agreed  to  participate  with  Clemson  in  the  development  and 
testing  of  any  procedure  that  would  expedite  the  clothing  initial  issue 
process.  The  Fort  Jackson  CUP  currently  processes  approximately  200 
soldiers  per  day  with  an  average  alteration  cost  of  $25  per  soldier. 

The  research  plan  was  in  Phase  1  to  develop  and  calibrate  expert  system 
software  which  uses  body  dimensions  as  input  and  predicts  the  appropriate 
garment  size  for  try  on.  With  the  cooperation  of  Mr.  Turner's  staff,  the 
system  would  be  tested  under  conditions  in  which  measurements  have  been 
taken  by  fitters,  not  detail  soldiers.  Meanwhile,  interactive  software  to  make 
the  output  of  a  3 -dimensional,  non-contact  body  scan  useful  for  extracting 
body  measurements  would  be  developed.  When  the  expert  system  was 
running  smoothly,  and  the  measurement  extraction  software  developed. 
Phase  2  would  include  the  incorporation  of  a  3-dimensional,  non-contact 
measuring  device  to  replace  manual  measuring.  Researchers  would  work 
interactively  through  a  computer  interface  with  the  measuring  equipment  to 
select  the  locations  where  body  dimensions  should  be  measured.  These  data 
woiild  be  electronically  fed  to  the  expert  system  and  the  size  predictions 
would  be  printed  out  for  each  soldier.  The  time  required  for  these  operations 
and  the  level  of  prediction  accuracy  would  be  recorded  and  analyzed. 


Preparations 

The  project  to  design  an  expert  system  for  initial  try-on  of  the  US  Army  men's 
dress  uniform  began  on  June  10,  1992  with  CAR  being  notified  that  the 
contract  had  been  awarded.  That  same  day  Dr.  Nancy  Staples  and  Dr.  Roy 
Pargas  called  Peter  Kuhlman,  President  of  Dimensional  Measmrement 
Systems,  to  begin  making  arrangements  for  using  their  3-D,  non-contact  body 
measurement  equipment.  Dr.  Staples  also  contacted  Jack  deRaimes  at 
Gerber  Garment  Technologies  to  set  up  a  meeting  date  (July  7)  to  co-ordinate 
our  respective  DLA  projects  to  avoid  overlap  and  to  determine  needs,  if  any, 
for  linkages  between  the  two  projects  to  be  developed. 

Dr.  Steve  Davis  and  graduate  students  Sarat  Vemuri  and  Murali  Earagolla 
began  an  investigation  of  the  latest  methods  and  software  tools  for  developing 
expert  systems  to  determine  which  one  would  be  the  most  suitable  for  this 
project.  The  newly-released  case-based-reasoning  (CBR)  approach  (developed 
through  a  contract  with  DARPA  in  1987)  appeared  particularly  appropriate. 
The  use  of  this  technology  in  the  automated  size  prediction  project  was  one  of 
its  first  applications. 

Dr.  Roy  Pargas  initiated  a  review  of  the  state-of-the-art  in  3-D  measuring 
devices  to  compare  with  the  DMS  equipment  being  considered  for  the  project. 


DLA900-87-D-0017,  DO  0026  Final  Report:  Page  3 


He  contacted  and  received  information  from  the  following:  Robotic  Vision 
Systems,  Inc.,  Industrial  Perception  Systems,  Technical  Arts,  Technological 
Artisans,  and  Jandel  Scientific. 

On  Jxme  15  and  16,  at  the  Naval  Training  Center  in  Orlando,  Florida,  Dr. 
Staples  briefed  the  joint  working  group  of  the  customer-driven  imiform 
manufacturing  project  to  solicit  their  suggestions  and  their  support  for  the 
automated  size  prediction  project.  While  at  NTC,  she  observed  the  Navy 
method  of  assigning  imiforms. 

During  the  week  of  June  22,  plans  were  made  for  a  trip  to  Fort  Jackson,  SC 
on  June  29,  30,  and  July  1.  The  ptirposes  of  the  trip  were  to  familiarize 
Davis,  Vemuri,  and  Earagolla  with  the  Fort  Jackson  Clothing  Initial  Issue 
Point  (CUP),  its  personnel  and  procedures,  to  update  Mr.  Lonnie  Turner, 
Chief,  Clip,  and  his  staff  on  the  status  and  plans  for  the  project,  to  collect 
body  measurement  and  sizes  assigned  data  on  soldiers  processed  on  those 
three  days,  and  to  collect  body  dimensions,  sizes  assigned,  and  garment 
dimensions  for  a  random  sample  of  soldiers  processed  on  two  days.  A  dBase 
file  was  created  and  loaded  on  a  notebook  portable  computer  for  the  recording 
of  soldier  information.  Arrangements  were  made  for  Dr.  Staples  to  be 
allowed  to  take  male  soldiers'  body  measurements. 

On  June  29  and  30,  the  team  observed  all  phases  of  the  Fort  Jackson  CUP 
operation,  toured  the  warehouse,  and  recorded  selected  portions  of  the 
operation  on  video  for  later  analysis.  The  team  collected  and  input  on  the 
computer  1)  body  measurements,  sizes  assigned,  garment  dimensions,  and 
number  of  try-ons  for  54  randomly  selected  soldiers  and  2)  body 
measurements  with  accompanying  sizes  assigned  for  a  total  of  426  soldiers. 

The  random  sample  data  were  collected  in  order  to  determine  the 
relationships  between  body  dimensions  and  actual  sizes  selected,  as  opposed 
to  sizes  predicted  by  the  current  U.  S.  Army  size  prediction  charts.  The 
number  of  try-ons  were  recorded  to  help  establish  a  baseline  for  the  efficiency 
of  the  current  system.  The  actual  garment  dimensions  were  checked  against 
current  specifications  to  determine  if  they  were  within  tolerance  and  will  be 
used  as  an  indicator  of  the  preferred  difference  between  body  and  garment 
dimensions  for  comfortable  fit  while  meeting  regulations  for  appearance.  The 
larger  body  of  data  on  all  soldiers  processed  were  used  as  case  data  in  the 
development  of  the  Phase  1  system  to  help  predict  garment  sizes. 

The  Fort  Jackson  trip  culminated  with  the  collection  of  records  of  222  soldiers 
on  July  1.  During  the  early  part  of  the  day  on  Jxily  1,  Dr.  Nancy  Staples  ,  Dr. 
Steve  Davis,  and  graduate  students  Sarat  Vemuri  and  Murali  Earagolla 
visited  the  Parris  Island  US  Marine  facility  to  observe  their  clothing  initial 
issue  process  and  discuss  possible  co-ordination  with  the  Marines  on  their 
potential  use  of  automated  size  prediction.  Mr.  Dave  Meadley  briefed  the 
team  on  his  vision  for  automating  the  Marine  clothing  issue  process  and 
Captain  Tom  Saldana  led  the  team  on  a  tour.  Because  the  Marines  do  not 
record  body  dimensions  (the  fitter  measures  the  body  and  tells  the  recorder  a 
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size  for  try-on,  not  the  body  dimension),  the  team  concluded  that  the  Marines 
would  have  a  greater  need  for  the  output  of  this  project  after  the 
computerized  body  measuring  was  incorporated.  Mr.  Meadley  and  Captain 
Saldana  are  being  briefed  on  the  progress  of  the  project  and  want  to  observe 
the  field  test  of  the  expert  system  with  manual  measurement-taking. 

On  July  8,  Dr.  Staples  met  with  Jack  deRaimes,  Bob  Tuttle,  and  Paul  Clarke 
at  the  South  Windsor,  CT  office  of  Gerber  Garment  Technologies  to  be  briefed 
about  the  content  of  the  GGT  subcontact  with  EFFI  at  FIT  sponsored  by 
DLA.  Dr.  Staples  then  briefed  the  GGT  people  about  the  size  prediction 
contract.  It  was  determined  that  the  two  projects  do  not  overlap,  but  that  by 
summer  1993  there  should  be  opportunities  to  use  a  portion  of  the  output  of 
the  size  prediction  project  with  the  GGT  lower  torso  prototj^e  expected  to  be 
developed  by  then. 

On  July  9,  Dr.  Staples  visited  Natick  RD&E  labs.  Discussions  were  held  with 
Steve  Israelian,  Dan  deLuis,  Tony  Pingiaro,  and  Barbara  Quinn  about  the 
size  prediction  project.  Their  assistance  was  solicited  in  beginning  to 
consider  the  kinds  of  potentially  useful,  never-before-accessible  data  that  can 
be  provided  by  3-D,  non-contact  body  measuring  equipment.  For  example,  it 
will  be  possible  to  create  a  horizontal  section  across  the  broadest  part  of  the 
shoulders  and  upper  arms  such  that  an  oval  will  be  defined,  the  long  and 
short  axes  of  which  may  help  determine  the  need  for  a  larger  size  jacket  than 
the  chest  measurement  alone  would  dictate.  Plans  were  made  for  Dan  deLuis 
to  make  trips  to  CAR  and  to  Fort  Jackson  to  observe  and  participate  in  field 
tests  of  the  output  of  each  phase  of  the  project.  It  was  suggested  that,  during 
the  field  test  of  the  first  phase,  a  project  team  member  be  stationed  at  the  end 
of  the  issue  line  to  measure  the  garment  dimensions  of  all  those  garments 
issued  in  a  size  other  than  that  predicted,  in  an  attempt  to  determine  the 
reason  for  that  particular  size  being  selected. 

While  at  Natick,  Dr.  Staples  was  introduced  to  and  had  an  opportunity  to 
speak  with  Dr.  Steve  Paquette,  an  anthropologist  using  3-D  modeling  for 
human  factors  and  ergonomics  research.  Dr.  Paquette  was  briefed  on  the  size 
prediction  project  and  its  application  of  3-D,  non-contact  body  measurement. 
The  differences  between  body  dimensions  needed  for  ergonomics  and  human 
factors  applications  versus  garment  pattern  development  applications  were 
discussed. 

On  July  10,  Dr.  Staples  visited  Mr.  Eugene  Zarzycki  at  the  cadet  uniform 
factory  at  West  Point  to  observe  their  implementation  of  an  Investronica 
CAD  system  and  to  discuss  potential  collaboration  in  additional  field  tests  of 
the  output  of  the  size  prediction  project.  Dr.  Staples  also  had  the  opportimity 
to  meet  Captain  Bill  Barrige  who  was  in  his  first  week  as  Chief  of  Cadet 
Services  replacing  Major  Kent  Lester,  who  had  just  transferred  to  another 
position. 
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Initial  Scanning  Equipment  Availability 

On  July  16,  1992  Mr.  Ed  Hill  and  Drs.  Staples,  Davis,  Pargas,  and  Peck  from 
CAR  and  Mr.  Don  O'Brien  of  DLA  met  in  Charlotte  with  Mr.  Joe  Off  and  Mr. 
Jud  Early  of  [TC]2  to  discuss  CAR's  use  of  the  Dimensional  Measurement 
Systems,  Inc.  3-D,  non-contact  body  measuring  equipment  in  which  the 
Department  of  Commerce,  through  [TC]2  had  invested  R&D  funds.  It  was 
determined  that  the  size  prediction  project's  need  for  the  equipment  would 
not  conflict  with  that  of  [TCj^'s.  [TC]^  promised  that,  if  an  additional  system 
were  not  yet  available,  they  would  loan  theirs  to  CAR  after  the  November 
1992  ARC  conference  for  a  limited  period  of  time  to  accomplish  the 
requirements  of  Phase  2. 

At  the  July  16  meeting,  Jud  Early  gave  Roy  Pargas  a  diskette  containing  the 
data  for  the  torso  (neck  to  mid-thigh)  of  one  male  person  (Figure  1).  Dr. 
Pargas  used  the  data  to  screen  a  number  of  potential  computer  graduate 
students  who  were  interested  in  working  on  this  project.  Six  students 
developed  software  to  display  the  figure  on  a  SUN  workstation.  The  students 
with  the  best  displays  were  selected  in  late  August  to  work  on  the  project. 

Dr.  Pargas  continued  to  survey  the  field  for  an  alternative  to  the  Dimensional 
Measurement  Systems,  Inc.  31),  non-contact  body  measuring  eqihpment. 


Size  Prediction  Expert  System  Development 

Continued  review  of  the  state  of  the  art  revealed  that  the  Remind®  software 
tool  by  Cognitive  Systems,  Inc.,  Boston,  MA,  was  still  the  most  suitable  for 
this  project.  One  of  its  major  features,  induction,  was  missing  in  most  other 
systems.  Induction  provides  automatic  processing  of  cases  to  classify  them 
and  construct  a  search  tree.  In  the  size  prediction  situation,  the  tool  can 
process  the  himdreds  of  cases  accumulated  from  activities  at  Fort  Jackson's 
Clothing  Initial  Issue  Point.  Remind®  can  determine  automatically  which 
features  are  most  relevant  in  discriminating  among  the  clothing  sizes.  Thus 
induction  expedites  development  of  a  prototype  system. 

Negotiations  with  Cognitive  Systems  resulted  in  a  donation  of  the 
development  system  and  C++  libraries.  During  July  1992  the  project  team 
completed  the  necessary  paperwork,  including  a  license  agreement  signed  by 
a  imiversity  representative  and  the  forms  necessary  to  register  the  donation 
officially  and  designate  it  as  tax-deductible  by  the  company. 

The  Cognitive  Systems  company  later  sent  a  newer  version  of  Remind®  (1.1) 
for  use  in  this  DLA  project.  One  of  the  improvements  was  greater  speed 
when  running  on  IBM-compatible  machines.  Also  they  sent  the  C  libraries, 
which  allow  developers  to  employ  their  own  interface,  as  soon  as  they  were 
completed.  In  the  interim,  the  project  proceeded  using  the  basic  Remind® 
tool,  and  was  not  delayed  by  waiting  for  the  C  libraries.  All  work  with  the 
basic  tool  was  transferred  to  the  C  libraries  later. 
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Figure  1.  Example  of  body  scan  output 
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On  July  30-31,  1992  Dr.  Steve  Davis,  Murali  Earagolla,  and  Sarat  Vemuri 
attended  training  sessions  on  the  Remind®  software  tool  at  Cognitive 
Systems,  Inc.  in  Boston.  The  training  was  certainly  worthwhile  and  was 
directly  relevant  to  important  tasks  in  developing  the  system.  It  provided 
hands-on  experience  in  using  all  major  features  of  Remind®. 


An  explanation  of  case-based  reasoning 

As  its  name  suggests,  case-based  reasoning  simulates  the  human  tendency  in 
problem  solving  situations  to  compare  and  classify  events  according  to 
previous  experience.  The  level  of  hixman  expertise  in  a  given  area  is  often 
related  to  the  number  of  similar  cases  previously  encountered.  When  seeking 
a  "good"  doctor  or  mechanic,  one  who  has  treated  many  cases  which  are 
similar  to  the  given  problem  would  generally  be  selected.  In  seeking  an 
expert  fitter  of  military  clothing,  the  likely  choice  is  a  person  at  the  CUP  who 
has  fitted  many  soldiers. 

Most  current  expert  systems  have  been  developed  using  "IF  THEN"  rules 
which  are  chained  together  to  arrive  at  a  conclusion  (such  as  what  garment 
size  is  appropriate).  Although  rule-based  systems  are  helpful  for  solving 
some  t3T)es  of  problems,  this  paradigm  seems  not  as  appropriate  as  CBR  for 
the  size  prediction  problem.  Using  CBR  should  reduce  the  "knowledge 
engineering"  time  which  would  otherwise  be  spent  manually  extracting  a 
complete  and  consistent  set  of  classification  rules  from  an  expert  (in  the  size 
prediction  environment,  classification  rules  would  include  heuristics  for 
assigning  sizes  to  sets  of  measurements  which  are  not  covered  by  standard 
tables).  Instead,  using  the  CBR  approach,  representative  cases  are  gathered 
and  descriptive  features  determined.  The  software  tools  are  then  used  to 
help  determine  the  most  important  descriptive  features  for  accomplishing  the 
size  prediction.  For  the  size  prediction  situation,  the  Phase  I  descriptive 
features,  the  body  measurements  used  in  the  current  (manual)  system,  are 
known.  With  the  incorporation  of  3-D,  non-contact  measurement  during 
Phase  II,  the  possibility  of  using  non-standard  measmements  as  descriptive 
data  will  be  explored. 

To  add  knowledge  to  a  rule-based  system  requires  careful  programming,  but 
it  is  relatively  easy  to  increase  the  knowledge  of  a  CBR  system  by  adding  new 
cases.  CBR  systems  have  a  better  way  to  explain  their  reasoning  than  do 
rule-based  systems.  CBR  systems  can  explain  results  both  through 
describing  the  general  rules  involved  in  selecting  a  conclusion  and  also  can 
show  examples  of  previous  real  cases  that  are  similar  to  the  problem  at  hand. 
Rule-based  systems  can  only  report  to  the  user  the  chain  of  rules  that  led  to  a 
conclusion.  A  rxile-based  system  does  not  present  examples  or  cases  (even 
though  their  rules  may  be  based  on  cases). 
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Preliminary  System  Plans 

One  of  the  most  valuable  lessons  of  the  Remind®  training  was  how  to  import 
cases  (in  this  project  each  case  consists  of  measurements  and  sizes  of 
garments  for  a  particular  soldier).  The  CUP  at  Fort  Jackson  provided  several 
hxmdred  cases  a  week,  and  the  project  team,  assisted  by  volunteers  from  the 
Clemson  Apparel  Research  staff,  stored  them  in  dBase  IV  files  (1008  cases 
were  stored  dxiring  July  1992).  This  data  is  imported  by  converting  the 
dBase  files  to  standard  character  format.  The  Remind®  tool  can  read  files  in 
that  foimat  if  the  various  fields  (such  as  neck  size,  sleeve  length,  etc.)  are 
identified.  The  Remind®  tool  can  automatically  analyze  the  cases  to 
determine  which  features  seem  most  important  in  predicting  sizes. 

Therefore,  the  plan  was  to  employ  that  analysis  initially  to  determine  trends 
in  the  data.  It  is  also  possible  to  specify  manually  how  the  cases  should  be 
organized.  Before  the  system  can  be  used  to  predict  sizes,  the  cases  must  be 
structured  in  a  logical  way  so  that  the  search  for  similar  previous  cases  can 
proceed  efficiently. 

When  cases  have  been  entered  and  organized,  the  system  can  be  tested  by 
reserving  a  group  of  known  cases  as  test  input.  For  example,  a  set  of 
measurement  and  size  data  for  100  soldiers  could  be  used  (where  the  sizes 
are  known  to  be  correct).  Remind®  predicts  sizes  based  on  the  previous 
cases.  If  a  high  percentage  of  the  tests  produce  correct  predictions,  the 
system  can  be  considered  ready  to  use.  If  too  many  predictions  are  incorrect, 
the  stored  cases  are  examined  to  determine  if  any  are  incorrect,  whether 
additional  cases  should  be  stored,  or  if  the  stored  cases  should  be  reorganized 
so  that  the  search  proceeds  in  a  Afferent  way.  The  testing  can  be  conducted 
periodically  as  cases  continue  to  be  added  to  the  system.  Most  likely  the 
performance  of  the  system  (in  terms  of  correctness  of  predictions)  improve  as 
cases  are  added,  but  at  some  point  the  performance  increase  begins  to  flatten. 
At  that  point  the  system  has  sufficient  cases  for  finther  predictions. 

On  July  31,  1992  Dr.  Steve  Davis  visited  Dan  deLuis  at  Natick  R&D  labs  to 
coordinate  progress  of  this  project.  Dan  reaffirmed  his  interest  in 
accompanying  the  project  team  when  the  first  tests  of  the  prototype  system 
are  conducted  at  Fort  Jackson. 


Coding  Scheme  Used  for  Recording  Cases 

In  order  to  enter  data  from  the  soldier  clothing  forms  into  a  database,  a 
format  was  selected  to  be  reasonably  easy  for  those  accomplishing  the  work. 
There  are  a  total  of  16  fields  (data  items)  per  record  in  the  dBase  IV  file  as 
follows. 
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LNAME — entered  as  it  is  on  the  clothing  form. 

FNAME — entered  as  it  is  on  the  clothing  form. 

HEIGHT — entered  in  inches,  although  it  is  expressed  as  feet  and 

inches  on  the  clothing  forms  (e.g.  a  height  of  5'6"  is  entered  as 

66). 

HEAD — entered  as  it  is  on  the  clothing  form,  except  when  there  is  a 
fraction  it  is  entered  as  a  decimal  value  (e.g.  if  head=23  1/4  it  is 
entered  as  23.25). 

NECK,  CHEST,  WAIST,  HIPS  &  SLEEVE  LENGTH— the  same 
convention  as  for  HEAD  is  followed. 

WEIGHT — entered  as  it  is  on  the  clothing  form. 

SHIRT_SHOR — this  is  taken  from  the  "short  sleeve"  item  on  the 

clothing  form.  Some  interpretation  of  this  item  is  necessary.  On 
the  clothing  form  it  is  represented  by  either  a  2  digit  number  or 
a  3  digit  niimber.  If  it  is  a  2  digit  number  it  is  to  be  entered  as  it 
is  into  the  dBase  file.  If  it  is  a  3  digit  number  on  the  clothing 
form,  the  3rd  digit  will  always  be  a  '2'  and  should  be  entered  as 
"h"  (e.g.  152  is  entered  as  15h;  162  is  entered  as  16h  and  so  on). 

SHIRT_LONG — this  is  taken  from  the  "long  sleeve"  item  on  the 

clothing  form.  It  is  represented  as  shirt-size  by  sleeve-length. 
Thus,  for  example,  15X30  is  to  be  entered  as  1530.  The  "X'  mark 
is  never  entered.  If  there  are  three  digits  before  the  X,  the  last 
of  them  will  be  a  2  and  it  is  to  be  entered  as  "h".  For  example, 
152X30  is  to  be  entered  as  15h30.  Additional  examples  are  given 
below. 


Clothing  Form  Entry 
16X32 
172X34 
14X28 
162X30 


dBase  File  Entry 
1632 

17h34 

1428 

16h30 


CAP — entered  as  it  is  on  the  clothing  form,  (it  could  be  a  single  digit 
niunber  or  a  3  digit  ntunber  in  the  case  of  integers  plus 
fractions).  Care  is  taken  not  to  enter  the  next  field  on  the 
clothing  form,  "gloves,"  by  mistake. 


COAT_BLACK — this  is  taken  from  the  "coat  all  weather"  item  on  the 
clothing  form.  The  first  2  numbers  are  entered  as  they  are.  The 
alphabetic  suffix  is  entered  as  it  is,  except  "xs"  is  to  be  entered 
as  "y",  and  "xl"  is  to  be  entered  as  "x".  Examples  are  given  below 


Clothing  Form  Entry 
36s 
34r 
321 
30xs 
37x1 


dBase  File  Entry 
36s 
34r 
321 
30y 
37x 
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COAT_GREEN — this  is  taken  from  the  "coat  AS  AG  344"  item  on  the 
clothing  form.  The  same  convention  as  for  the  COAT_BLACK  is 
followed. 

TROUSERS — the  same  convention  as  for  the  COAT_BLACK  is 
followed. 

If  any  values  are  missing  or  unreadable  or  obviously  in  error  (unreasonable), 
data  from  the  entire  clothing  form  is  be  discarded. 


Progress  of  Data  Entry 

Data  entry  continued  during  August, 1992  and  the  database  grew  to  over 
2500  records.  Each  record  represents  data  from  the  clothing  record  of  a 
soldier.  The  format  for  initial  data  entry  was  selected  earlier  in  the  project  to 
facilitate  speed  of  entry.  Later,  the  project  team  determined  that  a  different 
format  would  be  more  appropriate  for  use  in  the  size  prediction  system.  The 
team  developed  a  program  (TRANSFER)  which  takes  a  source  file  in  the 
original  format  and  produces  a  file  in  the  new  format.  It  converts  certain 
fields  to  consistent  formats.  For  example,  it  converts  all  alphabetic  codes  to 
uppercase,  and  converts  shorthand  notation  to  niimeric  form.  For  example,  a 
"15H33"  entry  (which  was  entered  on  the  clothing  form  for  the  long  sleeve 
shirt)  is  converted  to  two  fields.  The  first  field  has  15.5,  (the  neck  size)  and 
the  second  has  33  (the  sleeve  size).  Another  example  is  that  the  cap  size 
entered  as  718  will  be  converted  to  7.125.  The  structure  of  the  new  database 
is  as  follows: 


Field 

Field  Name 

Tvpe 

Width 

Dec 

1 

LNAME 

Character 

1 

15 

2 

FNAME 

Character 

1 

15 

3 

HEIGHT 

Numeric 

6 

2 

4 

HEAD 

Numeric 

6 

2 

5 

NECK 

Numeric 

6 

2 

6 

CHEST 

Numeric 

6 

2 

7 

WAIST 

Numeric 

6 

2 

8 

HIPS 

Numeric 

6 

2 

9 

SLEEVE 

Numeric 

6 

2 

10 

WEIGHT 

Numeric 

6 

2 

11 

SHIRT  SHOR 

Numeric 

4 

2 

12 

SHIRTLONGl 

Numeric 

4 

(neck  size) 

13 

SHIRTLONG2 

Numeric 

3 

(sleeve  size) 

14 

CAP 

Numeric 

6 

3 

15 

COATBLACKl 

Numeric 

4 

(size) 

16 

COATBLACK2 

Character 

1 

(length) 

17 

COATGREENl 

Numeric 

4 

(size) 

18 

COATGREEN2 

Character 

1 

(length) 

19 

TROUSERSl 

Numeric 

4 

(size) 

20 

TROUSERS2 

Character 

1 

(length) 

21 

DATE  ENTER 

Date 

8 

(date  of  issue) 
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The  codes  for  lengths  are  as  follows: 


Code 

Size 

Y 

XS 

S 

s 

R 

R 

L 

L 

X 

XL 

Checking  for  Validity  of  Cases 

The  team  developed  a  set  of  programs  which  help  identify  invalid  cases.  One 
checks  measurements  within  reasonable  ranges  (MEASCHK).  Another 
checks  that  sizes  are  within  reasonable  ranges  (SIZCHK).  SIZMEAS  checks 
correspondence  between  measurements  and  sizes.  For  example,  a  case  is 
flagged  for  fmther  examination  if  the  sleeve  length  differs  from  the  arm 
length  by  more  than  2  inches.  SSNECK  and  LSNECK  check  reasonable 
correspondence  between  neck  measurement  and  neck  sizes  of  short  sleeve 
and  long  sleeve  shirts.  COAT  checks  the  correspondence  between  sizes  of  the 
black  coat  and  green  coat  to  see  if  they  are  within  a  reasonable  range.  After 
correcting  all  mistakes  in  data  entry,  the  next  step  is  to  examine  all  "strange" 
cases.  If  it  is  determined  that  the  data  on  the  clothing  form  was  probably 
erroneous,  the  case  is  deleted  from  the  database,  because  the  success  in 
predicting  sizes  depends  on  realistic  data  in  the  database. 


Determining  How  to  Handle  Cases  in  Remind® 

Coat,  trouser,  and  sleeve  lengths  are  stored  in  separate  fields  in  the 
database.  The  sleeve  length  is  numeric,  and  the  others  are  symbolic  (letter 
suffixes  such  as  the  R  in  36R).  Since  the  letter  suffixes  are  in  a  separate 
field,  an  ordering  can  be  defined  using  the  s3nnbol  editor.  The  initial  plan 
was  to  predict  length  separately  from  size.  For  example,  there  would  be  a 
computer  run  to  determine  the  size  of  the  green  coat,  and  another  nm  to 
determine  the  coat  length  (regular,  long,  extra  long,  etc.).  The  rationale  for 
this  approach  was  that  the  lengths  are  probably  predicted  in  a  different  way 
than  the  basic  size.  For  example,  intmtively  height  is  one  of  the  main 
predictors  of  length,  but  other  measurements  may  be  more  important  in 
predicting  size.  In  Remind®  terminology,  there  are  two  "outcome"  fields  for 
certain  garment  sizes.  For  each  outcome  field,  there  must  be  established  a 
separate  "cluster"  (search  tree)  which  will  be  searched  at  run  time.  The  first 
approach  used  was  to  predict  length  separately  from  basic  size.  Apparently  it 
does  not  make  sense  in  a  case-based  reasoning  tool  such  as  Remind®  to 
designate  more  than  one  "outcome"  field  (e.g.  long-sleeve-shirt  neck  size  and 
sleeve  length.)  To  predict  size  and  length  at  the  same  time,  they  must  be 
coded  in  a  single  field.  One  possible  single-field  coding  option  is  to  convert 
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coat/trouser  suffixes  to  decimal  values,  e.g.  36S  could  be  36.0,  36R  could  be 
36.2,  etc.  But  this  approach  might  cause  a  problem  in  that  35.9  would  be 
interpreted  as  closer  to  36.0  than  would  36.2,  for  example. 

The  next  plan  was  to  predict  size  based  on  a  retrieval  of  a  number  of  similar 
cases,  and  then  select  length  from  those  retrieved  cases.  The  rationale  for 
this  idea  is  that  the  correct  length  shordd  be  reflected  in  the  retrieved  cases 
even  though  it  was  not  the  basis  for  the  search,  and  this  approach  saves  the 
time  of  an  additional  search. 


Run  Time  for  Predictions 

It  became  apparent  that  the  prototype  system  might  not  run  fast  enough  for 
operational  use.  A  few  sample  nms  were  made  to  predict  the  size  of  the  short 
sleeve  shirt.  Even  with  a  relatively  small  database  of  cases,  the  prediction 
took  about  30  seconds  on  an  IBM  PS/2  Model  70  with  8  megabytes  of 
memory.  Run  time  can  be  improved  with  a  faster  computer,  for  example  a 
PC  with  486  processor.  Also,  run  time  was  expected  to  improve  when  C 
libraries  were  used  rather  than  the  interactive  version  of  Remind®. 


Progress  of  Expert  System  Data  Entry 

Data  entry  continued  during  September  1992  and  the  dBase  IV  database 
grew  to  over  3500  records.  Each  record  represents  data  from  the  clothing 
record  of  one  soldier.  Many  of  the  clothing  forms  received  in  August  reflected 
issue  of  new  models  of  the  long  sleeve  shirt.  Sleeve  lengths  were  combined  in 
many  cases  (e.g.,  one  of  the  new  lengths  is  32/33).  The  project  team  decided 
to  enter  the  larger  of  the  two  sizes  in  the  database. 


The  First  Prototype  Prediction  System 

To  predict  the  size  of  a  given  t3T)e  of  garment,  such  as  the  short  sleeve  shirt, 
requires  establishing  a  “cluster”  (a  search  tree)  for  that  particular  garment. 
Each  cluster  takes  considerable  computer  time,  about  an  hour,  but  this 
process  only  has  to  be  done  once  for  each  garment  type.  During  September 
1992,  clusters  were  established  for  the  short  sleeve  shirt,  long  sleeve  shirt, 
black  coat,  green  coat,  and  trousers.  These  clusters  were  based  on  2500 
cases. 

Testing  of  the  system  was  in  the  early  stages  dming  late  September.  It  took 
some  work  to  develop  tests  that  provided  meaningful  results.  The  Remind® 
software  tool  has  a  built-in  testing  mechanism,  but  because  it  normalizes  all 
data  (including  garment  sizes)  the  results  require  careful  interpretation.  For 
example,  if  the  testing  results  for  100  predictions  indicate  that  75  of  them 
were  rated  at  “90  to  100  percent  similar”  to  the  correct  size,  it  is  not  obvious 
what  size  corresponds  to  “90  percent  similar”. 
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Preliminary  testing  revealed  instances  of  several  soldiers  who  have  identical 
body  measurements  but  were  assigned  different  sized  garments  during 
clothing  issue.  These  instances  could  occur  for  various  reasons,  including 
garment  size  variances  or  differences  in  body  shapes  which  are  not  reflected 
by  the  standard  measurements.  A  strategy  is  required  to  address  this 
situation  when  predicting  garment  sizes  for  a  new  soldier  whose 
measurements  match  a  set  like  the  aforementioned.  Initially  the  plan  for 
such  instances  was  to  have  the  computer  system  provide  multiple  ranked 
recommendations,  (e.g.,  “The  most  likely  size  is  39R;  the  next  most  likely  size 
is  38L,”  etc.).  The  ranking  could  be  based  on  frequency  of  occurrence  of  size 
assignments  in  the  previous  cases. 

Raktim  Sen,  a  graduate  student  in  Dr.  Davis’  fall  class,  in  order  to  satisfy  the 
requirements  of  a  course  project,  volunteered  to  help  develop  a  testing 
strategy.  He  attended  weekly  meetings  of  the  teeun  and  studied  the  software. 


Demonstration  at  Bobbin  Show 

A  prototype  size  prediction  system  was  demonstrated  at  the  Clemson  Apparel 
Research  booth  at  the  1992  Bobbin  Show.  All  visitors  who  viewed  it  seemed 
favorably  impressed  with  the  project.  Selected  volunteers  who  knew  their 
proper  shirt  size  were  asked  to  participate  in  a  test  of  the  accuracy  with  which 
the  system  could  predict  their  short  sleeve  shirt  size.  They  were  measured  for 
neck  and  chest  size,  and  were  asked  to  tell  their  height  and  weight.  Those 
values  were  input  to  the  computer  system  which  then  predicted  the  shirt  size. 
For  all  of  the  volimteers,  the  prediction  was  correct. 

During  the  month  of  October  1992,  data  entry  continued.  The  team  employed 
programs  to  ensure  accuracy  of  the  clothing  records  which  were  entered  into 
the  dBase  IV  database,  now  containing  over  4000  records. 


Improved  Prototype  Prediction  System 

The  system  was  fully  fimctional  (in  terms  of  selecting  sizes)  by  late  October. 
The  two  top-priority  tasks  were  to  evaluate  the  size  prediction  accuracy  and  to 
enhance  the  protot3q)e  such  that  it  could  be  effectively  used  at  a  Clothing 
Initial  Issue  Facility.  Speed  was  to  be  improved  if  possible.  The  first  system 
was  rather  slow,  requiring  about  30  seconds  to  predict  the  size  of  one  clothing 
item.  It  was  anticipated  that  the  speed  would  improve  if  C  libraries  were  used 
instead  of  the  interactive  version  of  Remind®.  Cognitive  Systems  indicated 
that  those  libraries  would  be  available  in  the  near  future.  Clemson  University 
needed  to  sign  a  separate  license  agreement  for  the  new  libraries.  Another 
approach  to  speed-up  was  suggested  by  Sarat  Vemuri.  He  pointed  out  the 
possibility  of  converting  the  case-based  reasoning  system  to  a  rule-based 
system.  It  appeared  that  such  a  system  could  be  efficiently  coded  to  speed  up 
the  decision  process.  He  developed  software  tools  to  help  accomplish  such  a 
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conversion  of  the  system.  Unlike  a  rule-based  system  that  would  have  been 
created  without  Remind®,  this  system  employs  the  rules  determined  by  the 
case-based-reasoning.  The  resulting  rules  reflect  actual  case  size  assignment 
rather  than  intended  size  assignment  by  body  dimensions. 

Sarat  Vemuri  employed  Unix  system  tools  (Lex  and  YACC)  to  develop  a 
program  which  converts  a  description  of  case  indexing  to  C  language  IF 
statements  which  implement  equivalent  rules.  Unfortimately,  the 
description  of  the  case  indexing  may  have  to  be  entered  in  the  computer 
manually.  Even  though  the  index  structure  is  produced  by  Remind®  in 
machine-readable  form,  Remind®  only  provides  access  to  it  through  the 
computer  display.  Although  the  aforementioned  approach  proved  feasible,  it 
was  not  pursued  further.  It  seemed  more  practical  to  achieve  satisfactory 
speed  by  employing  a  faster  computer  with  the  C  libraries. 

The  project  team  completed  license  agreements  for  an  advance  copy  of  the  C 
libraries  for  the  Remind®  case-based  reasoning  tool.  These  libraries  are 
necessary  to  enhance  the  prototype  such  that  it  can  be  effectively  used  at  a 
Clothing  Initial  Issue  Facility  because,  although  the  interactive  version  of 
Remind®  is  sufficient  to  test  the  size  prediction  capability,  it  does  not  allow 
for  developing  an  interface  which  would  be  suitable  for  users  at  a  CUP. 
Cognitive  Systems,  Inc.  sent  copies  of  the  libraries,  but  after  many  hours  of 
work  the  team  was  imable  to  install  them  on  a  computer.  There  were  some 
basic  problems  with  the  version  of  C  that  had  been  used  to  produce  the 
libraries.  After  hearing  about  our  problems,  the  company  acknowledged  that 
changes  were  necessary  and  they  sent  a  revised  version. 


System  Predictions 

There  are  several  ways  of  designing  the  ReMind®  system  to  make  a 
prediction.  The  project  team  had  to  postpone  making  a  decision  until  after  a 
satisfactory  testing  procedure  was  developed.  Given  a  test  case,  the  system 
can  automatically  retrieve,  according  to  the  index  hierarchy,  a  group 
containing  a  minimum  of  "n"  most  similar  cases  from  the  database.  If  the 
outcomes  of  all  the  cases  are  the  same,  the  prediction  is  obvious.  But  there 
must  be  a  strategy  to  handle  situations  in  which  the  outcomes  are  mixed.  An 
obvious  scheme  is  to  take  a  majority  vote  (or  make  an  arbitrary  choice  in  case 
of  a  tie).  Another  method  is  to  perform  a  "nearest  neighbor"  search  of  the  n 
cases.  This  approach  involves  deciding  on  the  weighting  of  the  match  fields 
(the  body  measurements).  Alternatives  include  assigning  equal  weight  to  all 
match  fields  and  selecting  weights  according  to  priorities  established  in  the 
index  hierarchy. 

In  the  techniques  described  above,  the  built-in  procedure  to  retrieve  a 
minimum  of  "n"  similar  cases  might  not  be  the  best  way  to  obtain  a  group  of 
cases  if  the  prediction  will  be  determined  by  voting.  In  some  situations  the 
similarity  of  the  cases  of  the  group  could  vary  significantly,  and  the 
prediction  might  be  determined  by  a  majority  of  cases  which  are  much  less 
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similar  to  the  new  case  than  are  another  (smaller)  subset  of  retrieved  cases 
whose  outcomes  agree.  Therefore  it  may  be  desirable,  prior  to  the  vote,  to 
eliminate  from  the  group  those  cases  whose  similarity  falls  below  a  specified 
threshold. 

The  aforementioned  methods  may  work  well  for  instances  when  there  are  a 
sufficient  number  of  similar  cases.  But  there  are  relatively  few  cases  for 
individuals  who  are  unusually  large  or  small  or  who  have  unusual 
proportions,  so  the  size  predictions  for  such  individuals  tend  to  lack  a  sound 
foimdation  and  may  very  well  be  wrong.  The  system  should  at  least  provide  a 
warning  for  such  situations.  The  warning  could  be  triggered  when  the 
similarity  scores  of  the  retrieved  cases  fall  below  a  certain  threshold. 

Unusual  individuals  could  then  be  fitted  manually.  Better  yet,  the  system 
could  be  equipped  with  rules  which  adapt  the  outcome  of  the  most  similar 
retrieved  case.  An  example  of  such  a  rule  is: 

"IF  retrieved_arm_length  >  problem_arm_length  +  2 

THEN  predicted_sleeve_length  =  predicted_sleeve_length  + 

(retrieved_arm_length  - 
problem_arm_length) . " 


Such  a  system  would  be  a  hybrid,  part  CBR  and  part  rule-based.  Rules  could 
also  be  used  to  help  identify  people  who  cannot  be  fitted  with  a  standard  size, 
which  would  avoid  needlessly  trying  on  garments. 

There  are  no  well-accepted  theories  or  guidelines  to  determine  which  of  the 
alternative  strategies  would  lead  to  the  best  performance.  Therefore, 
empirical  investigation  was  the  basis  for  designing  the  prediction  strategy. 

Given  a  set  of  body  measurements,  the  case-based  reasoning  tool  retrieves 
the  most  similar  cases  from  the  database.  Since  the  clothing  sizes  of  the 
retrieved  cases  may  not  all  be  the  same,  a  scheme  is  necessary  for  the  system 
to  recommend  a  particular  size.  The  first  step  for  the  prediction  alternatives 
was  to  retrieve  inductively  a  minimum  of  20  cases.  The  project  team  explored 
several  possibilities  for  selecting  a  specific  recommended  size: 

a.  Take  a  vote  among  the  group  of  retrieved  cases. 

b.  Determine  the  similarity  scores  of  the  retrieved  cases, 
according  to  a  "match  field  weights,"  then  choose  the  size 
associated  with  the  case  having  the  highest  similarity  score. 

c.  Select  the  n  most  similar  cases  from  those  described  in  b 
above  and  take  a  vote  among  them  (currently  n  =  20). 

The  weight  vector  mentioned  in  b  involves  assignment  of  weights  to  the 
match  fields  involved  in  computing  the  similarity  score.  The  match  fields  are 
those  deemed  to  be  important  in  determining  size.  There  is  no  prescribed 
way  of  selecting  the  fields  or  their  weights.  For  the  long  sleeve  shirt,  the 
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match  fields  were  selected  based  on  the  project  team's  knowledge  and 
intuition.  These  were  chest,  height,  neck,  sleeve,  and  weight.  Selection  of 
field  weights  was  based  on  an  examination  of  the  inductive  search  tree. 
Fields  associated  with  branches  near  the  root  of  the  tree  were  considered  to 
be  more  important,  and  thus  they  were  assigned  higher  weights.  For 
example,  for  the  long  sleeve  shirt  the  weights  were:  weight  16  (36%);  chest, 
height  and  neck  8  (18%),  and  sleeve  4  (9%).  The  project  team  experimented 
with  an  algorithm  for  selecting  the  field  weights,  but  decided  the 
determination  should  be  subjective. 

The  scheme  mentioned  in  c  above  seemed  to  be  the  best,  at  least  for 
determining  long  sleeve  shirt  size. 


Improved  Prediction  Scheme 

Work  continued  toward  finding  a  good  prediction  scheme  and  on  determining 
a  reasonable  way  to  evaluate  system  performance.  Attention  was  focused  on 
the  long  sleeve  shirt.  The  team  initially  used  as  test  cases  the  records  of  51 
soldiers  who  had  been  randomly  selected  during  a  visit  to  Fort  Jackson,  SC. 
Measurements  and  garment  sizes  had  been  checked  by  Dr.  Staples;  she  took 
precise  measurements,  whereas  the  fitters  normally  rotmded  up  to  the 
nearest  inch.  Initially  the  tests  employed  her  precise  measurements,  but 
then  the  decision  was  to  employ  the  fitters'  measurements  instead,  because 
results  would  be  more  realistic. 

The  first  prediction  scheme  tested  involved  inductive  retrieval  of  a  minimum 
of  20  cases.  Then  a  vote  was  taken  among  the  10  of  those  cases  which  had 
the  best  similarity  scores,  according  to  "match  field  weights."  The  size 
receiving  the  most  votes  was  designated  as  "first  choice,"  the  one  receiving 
the  next  highest  number  of  votes  was  called  "second  choice,"  and  so  on.  Ties 
were  resolved  by  computing  the  average  similarity  score.  Match  field  weights 
were  selected  by  examining  the  inductive  search  tree.  Fields  associated  with 
branches  near  the  root  of  the  tree  were  considered  to  be  more  important,  and 
thus  they  were  assigned  higher  weights. 

The  inductive  retrieval,  the  first  step  in  the  prediction  process,  involved  an 
index  (search  tree)  based  only  on  the  garment  neck  size;  the  sleeve  size  was 
ignored.  Likewise,  the  computation  of  similarity  scores  was  based  on  criteria 
thought  to  be  relevant  to  the  prediction  of  garment  neck  size  alone.  Thus,  the 
sleeve  size  was  a  kind  of  "tag-along." 

Using  the  aforementioned  scheme,  the  prediction  rate  was  not  very  good. 

The  first  choice  of  the  system  was  correct,  in  terms  of  garment  neck  and 
sleeve  size,  for  only  13  of  the  51  cases.  Therefore  the  project  team  decided  to 
try  a  different  prediction  scheme.  The  new  approach  involved  separately 
predicting  garment  neck  size  and  garment  sleeve  size,  each  using  a  different 
index  (search  tree)  and  a  different  assignment  of  weights  for  the  computation 
of  similarity  score. 
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The  revised  versions  of  the  C-libraries  for  the  Remind®  case-based  reasoning 
tool  arrived  during  February  1993  and  they  began  to  work  properly.  The  first 
item  on  the  agenda  was  to  find  a  way  to  automate  the  testing  process,  which 
formerly  was  very  labor  intensive.  Successful  automated  tests  were 
performed  for  two  garments,  short  sleeve  shirt  and  long  sleeve  shirt.  For  120 
randomly  selected  test  cases,  the  first  choice  of  the  system  for  short  sleeve 
shirt  size  agreed  with  the  issued  size  for  67%  of  the  cases,  and  the  second 
choice  agreed  in  31%  of  the  cases.  For  the  long  sleeve  shirt  the  first  choice  of 
the  system  agreed  with  the  issued  size  for  56%  of  the  cases,  and  the  second 
choice  agreed  in  25%  of  the  cases.  Thus  for  these  tests  the  system  was  not  as 
accurate  as  the  fitters  at  Fort  Jackson.  The  team  was  not  satisfied  with  the 
performance  of  those  tests,  in  terms  of  accuracy  of  predictions,  but  they 
provide  a  basis  for  experimentation  to  calibrate  the  prediction  process. 

Work  continued  toward  finding  a  good  prediction  scheme.  Following 
successful  use  of  the  revised  versions  of  the  C-libraries  for  the  Remind®  case- 
based  reasoning  tool  to  conduct  automated  tests,  the  team  was  still  not 
satisfied  with  the  performance  of  those  tests,  in  terms  of  accuracy  of 
predictions.  The  automated  tests,  however,  do  provide  a  basis  for 
experimentation  to  calibrate  the  prediction  process.  A  number  of  weight- 
assignment  schemes  were  tried  for  conducting  nearest-neighbor  retrievals 
(following  inductive  retrieval),  but  for  the  long  sleeve  shirt  none  was  able  to 
achieve  "correct"  predictions  above  60%  ("correct"  is  defined  as  predicting  the 
same  size  that  was  actually  issued). 

There  are  two  situations  involving  incorrect  predictions. 

1)  The  system  strongly  votes  for  a  particular  size,  but  it  is  "wrong"  (e.g.  8  of  10 
soldiers  with  very  similar  measurements  were  issued  size  15,  but  the  test  case 
has  size  15.5). 

2)  The  system  is  "not  sure"  about  the  size  (e.g.  of  the  10  soldiers  with  the  most 
similar  measurements  in  the  database,  3  were  issued  size  15,  3  were  issued  size 
15.5,  3  were  issued  size  16,  and  1  was  issued  size  16.5). 

Without  being  able  to  examine  the  actual  garments  and  soldiers  involved,  it  is 
impossible  to  be  certain  of  an  explanation  for  the  wrong  predictions.  Possibilities 
include: 

1)  For  situation  1  above,  the  garment  size  selected  by  the  system  could  actually 
be  as  good  or  better  than  the  size  issued. 

2)  For  situation  1  above,  the  test  case  could  involve  an  individual  with  an 
unusual  shape,  but  the  unusual  characteristics  are  not  reflected  by  the  body 
measurements. 

3)  For  situation  2  above,  the  body  measurements  could  represent  a  soldier  who  is 
not  well  fitted  by  any  of  the  standard  sizes  (is  "in  between"  the  standard 
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garment  sizes),  and  the  issued  size  'will  depend  significantly  on  the  judgment  of 
the  fitter. 

Of  course,  it  is  also  possible  that  the  test  case  is  erroneous  in  some  way,  such  as: 
incorrect  information  entered  on  the  clothing  form,  or  the  garment  could  have  been 
mislabelled.  The  only  way  to  be  sure  about  the  data  would  be  to  conduct  a  field  test 
at  Fort  Jackson  to  help  determine  the  cause  of  "wrong"  system  predictions.  For 
every  "wrong"  prediction  the  team  could  examine  the  actual  garment  and  soldier 
involved  and  eventually  clear  up  the  mystery. 


Improved  Data  Import 

Efforts  next  focused  on  improvement  of  the  data  import  facilities  and 
development  of  an  operational  system.  Data  import  is  involved  in 
transferring  data  from  the  dBase  IV  database  of  soldier  clothing  forms  to  the 
case-based-reasoning  tool.  It  must  be  performed  often  dxuing  system 
development  activities.  Data  import  is  problematic  because  the  data  must  be 
in  precisely  the  right  format.  The  dBase  files  have  to  be  converted  to  ASCII 
(DOS  text)  format  with  some  special  character,  such  as  the  comma, 
separating  each  field.  The  dBase  file  was  formerly  converted  to  a  text  file  and 
then  a  word  processor  was  used  to  add  the  commas  between  fields. 

Previously  data  import  had  failed  for  reasons  such  as  a  line-feed  character 
appearing  in  records  (having  been  inserted  automatically  by  the  word 
processor).  Therefore,  the  project  team  decided  to  xmdertake  an  extensive 
study  to  streamline  and  improve  the  process.  It  turned  out  that  most 
problems  were  caused  by  the  use  of  a  word  processor.  Therefore,  the  team 
developed  a  method  which  produces  the  necessary  text  file  directly  from 
dBase  IV.  This  was  accomplished  by  adding  extra  fields  to  the  dBase  file  to 
contain  the  separator  character  (the  comma).  Then  the  text  file  could  be 
produced  by  a  single  command  in  dBase  IV:  COPY  TO  filename  TYPE  SDF. 

During  the  work  on  data  import,  the  file  layout  was  also  made  more  concise 
to  eliminate  storage  of  unnecessary  data.  The  new  format  requires  only  69 
characters  (not  counting  the  separator  fields  which  are  not  imported  into  the 
case-based  reasoning  tool);  the  old  one  required  120.  This  not  only  saves 
storage  space  but  helps  improve  system  performance  as  well.  The  new  layout 
also  facilitates  easier  reading  by  a  human,  because  when  it  is  converted  to 
text  format  all  the  fields  are  a  constant  width.  Columns  of  data  are  neatly 
lined  up  when  printed  or  viewed  on  a  computer  screen.  The  new  structure  is 
shown  in  Table  1.  In  the  future  the  format  could  be  made  even  shorter.  For 
example,  the  fields  for  soldier  name  could  be  eliminated. 

Progress  continued  toward  an  operational  system  with  a  convenient  user 
interface  that  would  take  soldier  measurements  as  input  and  print  a  list  of 
recommended  garment  sizes.  Sarat  Vemuri,  the  previously-employed  student 
now  working  in  Atlanta,  contributed  as  a  volimteerto  keep  this  part  of  the 
project  moving  forward  while  graduate  students  Prahlad  Yerra  and  Murali 
Earagolla  were  on  vacation. 
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Table  1.  Structure  for  database:  A:\IMPORT.DBF 


ield 

Field  Name 

Type 

Width 

Dec 

1 

LNAME 

Character 

3 

2 

B1 

Character 

1 

3 

FNAME 

Character 

3 

4 

B2 

Character 

1 

5 

HEIGHT 

Numeric 

5 

2 

6 

B3 

Character 

1 

7 

HEAD 

Numeric 

5 

2 

8 

B4 

Character 

1 

9 

NECK 

Numeric 

5 

2 

10 

B5 

Character 

1 

11 

CHEST 

Numeric 

5 

2 

12 

B6 

Character 

1 

13 

WAIST 

Numeric 

5 

2 

14 

B7 

Character 

1 

15 

HIPS 

Numeric 

5 

2 

16 

B8 

Character 

1 

17 

SLEEVE 

Numeric 

5 

2 

18 

B9 

Character 

1 

19 

WEIGHT 

Numeric 

3 

20 

BIO 

Character 

1 

21 

SHIRT  SHOR 

Numeric 

4 

1 

22 

Bll 

Character 

1 

23 

SHIRTLONGl 

Numeric 

4 

1 

24 

B12 

Character 

1 

25 

SHIRTLONG2 

Numeric 

2 

26 

B13 

Character 

1 

27 

CAP 

Numeric 

5 

3 

28 

B14 

Character 

1 

29 

COATBLACKl 

Numeric 

2 

30 

B15 

Character 

1 

31 

COATBLACK2 

Character 

1 

32 

B16 

Character 

1 

33 

COATGREENl 

Numeric 

2 

34 

B17 

Character 

1 

35 

COATGREEN2 

Character 

1 

36 

B18 

Character 

1 

37 

TROUSERSl 

Numeric 

2 

38 

B19 

Character 

1 

39 

TROUSERS2 

Character 

1 

40 

B20 

Character 

Total 

1 

89 

Index 
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Arrangements  for  Continued  Use  of  the  Case-Based  Reasoning  Tool 

The  project  team  negotiated  a  donation  of  Remind®  from  Cognitive  Systems, 
Inc.  at  the  beginning  of  the  project.  Continued  use  of  Remind®  required 
payment  of  maintenance  and  support  fees.  Fortunately,  Clemson  Apparel 
Research  (CAR)  agreed  to  support  that  cost  with  Clemson  University  funds. 
The  project  needed  a  second  copy  of  the  software  to  facilitate  use  by  the 
graduate  assistants  and  Dr.  Davis.  One  copy  was  installed  at  CAR  and 
another  on  campus.  The  second  copy  was  also  useful  when  field  tests  were 
conducted  at  Fort  Jackson,  so  that  the  software  development  could  continue 
during  the  tests. 

To  purchase  the  second  copy.  Dr.  Davis  devoted  $1800  from  the  Management 
Department  fund  intended  to  support  in-house  teaching  and  research 
expenses.  He  also  negotiated  with  Cognitive  Systems  to  obtain  additional 
software  licenses  to  allow  teaching  Remind®  to  students  in  his  graduate  class 
on  Management  Support  Systems.  Involving  Remind®  in  classes  helped  the 
project  in  two  ways:  it  helped  deepen  Davis'  xmderstanding  of  the  tool  and 
allowed  students  in  the  class  to  contribute  ideas  on  the  project.  The  company 
agreed  to  provide  23  additional  software  licenses  to  allow  teaching  Remind® 
to  students  at  Clemson  University. 


Review  and  Project  Planning 

Several  meetings  of  the  project  team  were  held  during  July  1993  to  review 
the  status  of  the  project  and  plans  for  future  efforts.  Two  important  issues 
were  how  to  pursue  obtaining  3D  measuring  equipment  and  how  to  get  the 
most  value  from  this  project  if  the  3D  equipment  did  not  materialize. 

The  expert  system  component  can  function  without  3D  equipment,  but  its 
performance  is  limited  by  the  relatively  few  body  measurements  available, 
and  by  inaccuracies  in  the  data  previously  obtained  from  clothing  records. 
One  of  the  alternatives  discussed  was  to  visit  Fort  Jackson  to  obtain  more 
accurate  measurements  (since  the  fitters  round  up  all  circumference  amoimts 
to  the  next  whole  number,  thus  the  measurements  recorded  on  the  completed 
forms  provided  by  Fort  Jackson  are  not  precise).  Such  an  effort  would  be 
very  labor-intensive,  and  still  would  not  guarantee  significant  improvement 
in  system  performance.  Therefore  the  decision  was  not  to  pursue  that  course 
of  action.  Instead,  work  continued  on  developing  a  prototype  system  which 
could  be  tested  at  Fort  Jackson.  Even  though  the  performance  would 
probably  not  be  better  than  human  fitters,  such  a  test  could  help  determine 
the  feasibility  of  emplo3dng  this  kind  of  system  in  an  operational 
environment.  Most  of  the  work  to  date  had  focused  on  experimenting  with 
predictions  of  short  sleeve  shirt  size.  Now  the  system  was  calibrated  for 
predicting  sizes  of  the  other  garments. 
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A  Field-Test-Worthy  Prototype  Expert  System 

Graduate  students  Prahlad  Yerra  and  Sarat  Vemuri  worked  independently 
on  developing  a  prototype  system  which  could  be  tested  at  Fort  Jackson. 
After  taking  a  full-time  job  in  Atlanta,  Sarat  Vemuri  continued  to  work  on 
this  project  as  part  of  his  M.S.  thesis.  He  visited  Clemson  several  times  to 
demonstrate  his  system  and  get  guidance  on  his  work. 

Prahlad's  system  works  as  follows.  Take  input  constituting  one  soldier's 
measurements  from  a  file.  Define  a  new  case,  based  on  those  measurements. 
Repeat  the  following  for  every  view  (there  is  a  view  for  each  garment  size 
which  is  to  be  predicted). 

(1)  Open  the  view  with  a  selected  weight  vector. 

(2)  Inductively  retrieve  a  minimum  of  20  cases. 

(3)  Compute  the  nearest  neighbor  "similarity"  score  for  the  retrieved 
cases. 

(4)  Take  a  vote  among  the  retrieved  cases  (previously  the  system  just 
selected  the  case  with  the  highest  similarity  score). 

The  size  which  wins  the  vote  is  the  size  predicted  by  the  system. 

One  of  the  tedious  aspects  of  writing  the  programs  was  the  need  to  convert 
data  to  and  from  the  internal  format  used  by  the  C  libraries  of  the  Remind® 
case-based  reasoning  tool.  Prahlad  tested  his  system  with  the  short  sleeve 
shirt  and  did  not  set  up  views  for  the  other  garments.  Although  a  view  can 
be  constructed  automatically  by  the  Remind®  case-based  tool,  human 
judgment  is  necessary  in  setting  certain  parameters  and  is  involved  in 
determining  which  variation  of  a  view  is  best. 

The  project  team  tentatively  decided  to  employ  a  separate  search  for  the 
size/length  for  those  garments  which  have  both.  Therefore  the  system  would 
require  separate  views  for  green  coat,  green  coat  length,  black  coat,  black 
coat  length,  short  sleeve  shirt,  long  sleeve  shirt  size,  long  sleeve  shirt  sleeve 
length,  trouser  size,  trouser  length,  and  cap  size. 

Still  to  be  determined  was  whether  the  system  required  a  way  to  browse 
stored  cases  interactively,  and  whether  it  needed  a  built-in  way  to  store  new 
cases  as  they  were  input.  Once  actual  sizes  are  assigned  to  a  soldier,  a  new 
case  is  available. 

Setting  up  a  library  for  each  garment  was  tedious.  The  Remind®  software 
tool  builds  a  single  file  containing  all  clusters.  Perhaps  because  of  the  size 
and  complexity  of  the  file,  a  number  of  imresolvable  errors  occurred  during 
cluster  building.  After  an  error  occurrence  during  cluster  building,  the  only 
option  was  to  re-start  another  2  1/2  hour  process.  To  reduce  the  amount  of 
storage  required  for  the  cases,  the  structure  of  the  database  was  made  more 
concise;  only  essential  information  was  retained,  and  the  size  of  the  fields 
was  reduced  to  the  minimum  necessary.  For  example,  soldier  names  were 
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eliminated,  because  they  are  not  involved  in  size  prediction.  The  resulting 
file  is  still  quite  large,  over  4  MB,  but  is  smaller  than  it  would  otherwise  be. 
This  reduction  in  file  size  seemed  to  reduce  error  occurrences.  Only  one 
clustering  produced  an  error. 

Afterward,  the  team  successfully  developed  clusters  (indexes)  for  the  case- 
based  expert  system  for  a  4000  record  database  to  allow  prediction  of  the 
following:  short  sleeve  shirt  size,  long  sleeve  shirt  size,  long  sleeve  shirt 
sleeve  length,  green  coat  size,  green  coat  length,  black  coat  size,  black  coat 
length,  trouser  size,  trouser  length.  Not  coimting  set-up  time,  each  of  the 
aforementioned  clusters  took  about  2  1/2  hours  processing  on  an  IBM- 
compatible  386  PC. 

After  the  first  rough  protot5q)e  system  was  developed,  programmers  Murali 
Earagolla  and  Prahlad  Yerra  left  the  project  to  take  jobs  in  Florida.  Sarat 
Vemuri  continued  to  work  part  time  on  the  project.  He  developed  prototype 
software  written  in  Borland  C++  for  Windows  which  provided  input/output  to 
the  expert  system.  It  took  a  set  of  body  measurements  as  input,  consulted 
the  expert  system  to  obtain  predictions,  and  displayed  predicted  sizes.  Using 
the  4000  record  database  on  an  IBM-compatible  386  PC  it  took  about  20 
seconds  per  prediction,  which  amounts  to  between  1  and  2  minutes  for  all 
predictions  for  one  individual.  This  was  satisfactory  for  an  operational  test. 

A  higher  speed  could  easily  be  achieved  by  using  a  486  PC. 

The  next  step  was  to  improve  the  user-friendliness  of  the  system  and  to  add  a 
capability  to  print  results.  The  team  also  experimented  with  various 
weightings  of  the  importance  of  the  body  measurements  to  determine  what 
fosters  the  most  accurate  size  prediction.  An  operational  test  at  Fort  Jackson 
was  planned  for  November  1993. 

An  outline  of  the  plans  were  sent  for  review  to  Lonnie  Turner,  manager  of  the 
Clothing  Initial  Issue  Point  at  Fort  Jackson,  SC.  The  main  objective  was  to 
test  the  concept  of  automated  size  prediction  while  avoiding  any  significant 
disruption  of  operations  at  the  CUP.  The  computer  system  and  laser  printer 
were  to  be  stationed  in  the  measurement-taking  area  of  the  clothing  issue 
facility.  The  team  was  to  take  an  extra  computer  for  backup.  One  of  the 
team  was  to  operate  the  computer  to  input  soldier  measurements  into  the 
computer  as  they  were  called  out  by  the  measurer.  Predictions  were  to  be 
printed  and  given  to  each  soldier  by  stapling  a  paper  on  top  of  the  clothing 
form.  The  paper  would  indicate  1st,  2nd  and  3rd  choice  for  each  garment. 
Fitters  were  to  be  asked  to  try  garments  in  accordance  with  the  computer 
predictions.  At  the  end  of  the  line,  one  of  the  CAR  team  was  to  record  the 
size  actually  assigned  on  the  CAR  form  and  retain  the  CAR  form. 

For  the  expert  system,  the  team  considered  various  weightings  of  body 
measurements  to  help  improve  accuracy  of  predictions.  Of  course,  the 
possible  accuracy  of  the  prediction  system  was  limited  by  the  accuracy  of  the 
data  upon  which  it  is  based.  Initial  weightings  are  shown  in  Table  2. 
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First  Operational  Test 

On  November  10,  1993,  Dr.  Davis  performed  the  first  operational  test  of  the 
size  prediction  system  at  Fort  Jackson,  S.C.  The  purposes  of  the  test  were  to 
verify  the  feasibility  of  real  time  computer-based  size  prediction  at  a  military 
clothing  issue  facility  and  to  determine  how  the  computer  system  could  be 
smoothly  integrated  into  operations  of  the  facility.  Mr.  Lonnie  Turner  of  the 
Clothing  Initial  Issue  Point  was  extremely  supportive  and  provided 
everything  necessary  to  conduct  as  thorough  a  test  as  possible  at  this  stage  of 
the  project. 

Two  computer  systems  were  stationed  on  a  table  at  the  back  of  the  fitting 
room  during  the  evening  before  the  test.  One  of  the  systems  served  as  a 
back-up.  On  the  day  of  the  test,  recruits  initially  sat  on  benches  in  the  fitting 
room.  The  fitter  measured  each  of  them  at  the  front  of  the  room.  The  fitter 
called  out  the  measurements  to  a  soldier  on  detail  who  copied  the  data  onto  a 
clothing  form  and  then  put  it  on  a  clipboard  carried  by  the  soldier.  After  the 
measuring,  soldiers  walked  to  the  computer  table.  They  told  Dr.  Davis  their 
name  and  measurements  and  he  entered  them  in  the  computer.  In  order  to 
avoid  slowing  down  the  operation,  he  asked  soldiers  to  b3T}ass  the  computer 
station  if  he  was  not  ready  for  them  (a  total  of  71  soldiers  were  processed). 
Soldiers  put  the  size  prediction  page  on  top  of  the  clipboard.  Fitters  followed 
the  recommended  sizes  for  try  on,  and  listed  on  the  size  prediction  sheet  any 
other  sizes  tried  or  issued.  Soldiers  returned  to  the  fitting  room  after  getting 
their  garments,  where  a  detail  soldier  collected  the  size  prediction  forms. 

Overall,  the  operational  test  was  quite  successful.  This  experience  showed 
that  automated  size  prediction  can  be  easily  integrated  into  current 
operations.  No  significant  problems  occiirred. 

The  size  prediction  procedxire  would  be  improved  by  entering  the 
measurements  into  the  computer  as  they  are  called  out  by  the  fitter.  This 
would  reduce  the  chance  of  error  in  transcribing,  would  not  add  any 
significant  time  to  the  existing  process,  would  provide  more  legible  data  on 
the  clothing  form,  and  wovild  avoid  an  extra  sheet  with  size  predictions.  This 
could  be  accomplished  if  the  computer  were  stationed  beside  the  fitter.  The 
computer  could  print  the  predicted  sizes,  together  with  the  customary  data, 
directly  on  the  clothing  form.  The  computer  could  be  operated  by  the  detail 
soldier  (the  one  who  currently  records  information  manually  on  the  clothing 
form).  Consideration  was  given  to  revising  the  software  to  allow  testing  the 
system  in  the  aforementioned  way.  Options  for  printing  predicted  sizes 
directly  on  the  clothing  form  were  discussed  with  Mr.  Turner. 
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Table  2.  Initial  Weightings 


Short  or  Long  Sleeve  Shirt  Size 

Chest  8 

Height  1 

Hips  0 

Neck  16 

Sleeve 

Waist 

Weight 

Head 

0 

1 

16 

0 

Long  Sleeve  Shirt  Sleeve  Length 

Chest  1 

Sleeve 

16 

Height 

8 

Waist 

1 

Hips 

0 

Weight 

16 

Neck 

4 

Head 

0 

Black  or  Green  Coat  Size 

Chest  8 

Sleeve 

0 

Height 

1 

Waist 

1 

Hips 

0 

Weight 

16 

Neck 

16 

Head 

0 

Black  Coat  Length 

Chest 

4 

Sleeve 

8 

Height 

16 

Waist 

1 

Hips 

8 

Weight 

16 

Neck 

0 

Head 

0 

Green  Coat  Length 

Chest 

2 

Sleeve 

16 

Height 

16 

Waist 

2 

Hips 

2 

Weight 

8 

Neck 

2 

Head 

0 

Trousers 

Chest 

0 

Sleeve 

0 

Height 

0 

Waist 

16 

Hips 

16 

Weight 

8 

Neck 

16 

Head 

0 

Trousers  Length 

Chest 

0 

Sleeve 

0 

Height 

16 

Waist 

8 

Hips 

8 

Weight 

8 

Neck 

0 

Head 

0 
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It  took  some  time  to  analyze  the  results  and  determine  how  accurate  the 
predictions  were.  Checking  system  accuracy  was  not  the  main  purpose  of  the 
operational  test,  because  the  system  had  not  yet  been  calibrated  for 
maximum  accuracy.  Calibration  involves  selecting  a  test  sample  and 
empirically  determining  which  weightings  of  measurements  work  best  for 
determining  similarity  of  bodies.  This  is  a  tedious,  time-consuming  process 
requiring  multiple  computer  runs.  The  soldiers  processed  on  the  day  of  the 
operational  test  served  as  a  suitable  test  sample. 

The  test  revealed  several  opportunities  to  improve  the  size  prediction 
software. 

1.  The  measurement  fields  should  be  in  the  same  order  that  they  appear 
on  the  clothing  form,  if  the  data  is  to  be  transcribed  from  the  form  as 
was  done  dxiring  this  test  (it  was  awkward  to  enter  data  in  a  different 
order).  If  measurements  are  going  to  be  recorded  as  they  are  called  out 
by  the  fitter,  then  the  fields  should  be  in  the  order  they  are  taken  by 
the  fitter:  height,  head,  neck,  chest,  waist,  hips,  sleeve,  weight. 

2.  A  laser  printer  might  work  better  than  the  dot  matrix  printer  used  in 
this  test.  With  the  dot  matrix,  the  computer  operator  has  to  wait  \mtil 
a  page  is  printed  to  tear  it  off  and  give  it  to  the  recruit  (it's  a  bit  tricky 
to  tear  off  the  page  without  messing  up  the  alignment  of  the  paper 
feed).  With  a  laser  printer,  each  recruit  could  pick  up  his  own  form. 
The  computer  operator  could  go  on  to  process  another  recruit  after 
giving  the  print  command. 

3.  A  "predict  and  print  and  clear"  button  would  save  time.  At  the  time  of 
this  test  the  computer  operator  had  to  select  the  "print"  button  after 
each  prediction,  then  "OK"  and  then  "clear." 

4.  The  printed  form  could  be  streamlined.  The  Clemson  University  logo 
shotild  be  eliminated.  The  measurements  should  be  listed  in  the  same 
arrangement  as  on  the  clothing  form  (sleeve  and  waist  in  right 
column).  The  data  could  be  put  in  a  smaller  space  so  that  it  could  be 
cut  and  pasted  in  the  imused,  lower  right  part  of  the  clothing  form. 

5.  After  OK  and  Clear,  the  cursor  seems  to  vanish.  Apparently  the  user 
has  to  press  the  TAB  key  to  get  the  cursor  at  "first  name."  This  is  not  a 
big  thing  and  should  stay  the  way  it  is  if  it  would  complicate  the 
program. 

6.  On  the  486  machine,  after  four  predictions  the  data  input  window 
began  to  display  distorted  labels  and  boxes;  the  distortion  got 
progressively  worse  with  continued  use.  The  problem  could  be 
remedied  by  closing  and  restarting  the  program.  Other  windows  (for 
example  the  results  window)  were  not  distorted.  This  was  apparently 
a  hardware  problem  of  the  486  machine. 
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7.  On  the  486  machine,  on  three  occasions  the  software  crashed  with  the 
message  "FROGMAN  caused  a  general  protection  faialt  in  module 
USER.EXE  at  000F:1AB1."  This  was  apparently  a  problem  of  this 
particular  computer. 

8.  The  printed  output  seemed  to  "creep"  toward  the  right  side  of  the  page 
on  the  dot  matrix  printer,  i.e.  the  left  margin  seemed  to  shift  toward 
the  right  on  successive  printed  outputs  (this  was  not  caused  by  lateral 
shifting  of  the  paper.)  This  creep  caused  no  problem  during  the  test, 
but  could  be  a  problem  if  an  attempt  were  made  to  print  on  a  special 
narrow  paper. 

Prediction  accuracy  for  the  operational  test  at  Fort  Jackson  on  November  10, 
1993  is  summarized  in  Table  3.  Seventy  soldiers  were  processed  by  the 
expert  system.  Those  soldiers  were  given  computer-printed  output  which 
listed  predicted  sizes  for  garments.  Clothing  issuers  could  consider  system 
recommendations  when  selecting  garments  for  try-on.  At  the  end  of  the  test, 
the  expert  system  accuracy  was  computed  by  considering  the  issued  size  to  be 
correct.  For  a  given  garment,  the  percentages  for  first,  second  and  third 
choice  may  sum  to  more  than  100%  because  in  some  cases  the 
recommendations  for  1st,  2d,  and  3d  choice  are  not  distinct. 


Table  3.  Accuracy  percentages  from  test  at  Fort  Jackson,  November  10, 
1993,  for  70  soldiers  (overall  garment). 


Code 

Garment 

Choice 

number 

Percent 

accurate 

SSSl 

Short  Sleeved  Shirt,  size 

1 

47.1 

SSS2 

Short  Sleeved  Shirt,  size 

2 

30.0 

SSS3 

Short  Sleeved  Shirt,  size 

3 

27.1 

LS  1 

Long  Sleeved  Shirt,  neck  and  sleeve 

1 

27.1 

ISSKlri 

Long  Sleeved  Shirt,  neck  and  sleeve 

2 

15.7 

BlSi 

Long  Sleeved  Shirt,  neck  and  sleeve 

3 

■a™ 

Black  coat,  size  and  length 

1 

47.1 

Black  coat,  size  and  length 

2 

12.9 

BC_3 

Black  coat,  size  and  length 

3 

20.0 

na 

Green  coat,  size  and  length 

1 

38.6 

GC_2 

Green  coat,  size  and  length 

2 

12.9 

Green  coat,  size  and  length 

3 

15.7 

WESM 

Trousers,  size  and  length 

1 

31.4 

Trousers,  size  and  length 

2 

11.4 

Trousers,  size  and  length 

3 

7.1 
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To  analyze  the  accuracy  of  size  predictions  which  took  place  during  the 
operational  test  at  Fort  Jackson,  the  test  data  was  manually  entered  into  the 
computer.  This  included  entering  the  data  from  soldiers'  clothing  forms. 
Since  manually  analyzing  the  data  would  be  tedious  and  error  prone,  the 
work  was  done  by  computer.  However,  the  programs  which  nm  the  tests 
could  be  modified  in  the  future  to  facilitate  automated  testing. 


Related  Issues 

Dr.  Davis  accompanied  Dr.  Chris  Jarvis  and  Dr.  Jack  Peck  on  a  trip  to  Fort 
Jackson  during  December  1993to  coordinate  several  research  projects.  A 
meeting  was  held  with  Doug  Burchette  and  several  others  associated  with 
clothing  issue.  He  was  very  interested  in  the  progress  of  the  3D  project,  both 
in  the  potential  benefits  of  size  prediction  and  later  of  automating  made-to- 
measure  garment  development. 

The  meeting  included  a  visit  to  the  clothing  issue  facility  and  a  tour  of  the 
warehouse.  Mr.  Burchette  was  interested  in  automating  the  accounting  of 
clothing  issue  and  integrating  it  with  an  inventory  system.  Currently  those 
issuing  clothing  record  information  manually  on  a  clothing  form.  Later,  data 
on  the  clothing  form  is  manually  entered  into  a  computer  and  then  reprinted. 
The  computer-printed  form  is  signed  by  the  soldier  and  entered  in  the 
military  record.  The  computer  summarizes  issues  for  each  day.  That 
summary  is  manually  entered  in  a  different  computer  which  transmits  the 
data  to  the  Defense  Personnel  Supply  Center. 

Mr.  Burchette  envisioned  an  improved  system  which  would  record  clothing 
issues  directly  into  a  computer,  perhaps  using  barcode  technology.  This  could 
improve  accuracy  and  reduce  labor  requirements. 

This  visit  was  helpful  in  visualizing  how  an  automated  measurement  system 
would  fit  into  the  clothing  issue  operation.  Initially  the  system  could  improve 
operations  by  printing  body  measurements  and  predicted  sizes  directly  on  the 
clothing  form.  Later,  when  the  clothing  issue  operations  are  automated,  the 
measurement  data  could  go  directly  into  the  computer. 


Continued  Expert  System  Performance  Evaluation 

Work  continued  toward  evaluating  performance  of  the  expert  system.  The 
best  way  to  check  performance  was  to  select  test  cases  (soldier  clothing 
records  which  include  the  sizes  of  clothing  selected  by  human  fitters)  and 
then  have  the  computer  automatically  compare  the  predictions  of  the  expert 
system  to  the  sizes  actually  issued.  The  assumption  was  that  the  sizes  issued 
are  correct.  However,  since  some  improvements  had  been  made  to  the  expert 
system,  the  programs  which  ran  the  tests  needed  to  be  modified. 
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Sarat  Vemuri  continued  to  contribute  to  the  project  by  improving  upon  the 
software  for  the  expert  system.  He  successfully  revised  a  batch  testing 
program  which  allows  running  a  large  number  of  tests  without  human 
intervention. 

The  project  team  obtained  from  Cognitive  Systems,  Inc.,  the  latest  version  of 
the  Remind®  application  program  interface  software.  The  team  provided  it 
to  Sarat  and  asked  him  to  upgrade  the  expert  system  to  work  with  the  new 
version. 

The  project  team  found  a  problem  in  the  testing  program,  which  seemed  to 
work  well  in  testing  performance  in  predicting  short  sleeve  shirt  size,  but  did 
not  handle  the  other  garments.  The  testing  program  should  identify 
"hypothetical"  cases  (the  test  cases)  in  the  database,  perform  a  prediction  for 
each  such  case,  and  compare  the  results  with  the  size  given  in  the 
"hypothetical"  cases.  For  other  than  the  short  sleeve  shirt,  the  program  was 
not  identif5dng  the  proper  cases  as  hypothetical.  The  team  worked  on 
resolving  this  problem. 


Second  Operational  Test 

Plans  were  made  for  Dr.  Davis  to  travel  agaon  to  Fort  Jackson  to  conduct  an 
operational  test  of  the  revised  expert  system  for  size  prediction.  The  objective 
was  primarily  to  streamline  the  logistics  of  placing  the  expert  system  and  its 
output  in  the  current  flow  of  uniform  issue  for  solders. 

Steve  Davis  traveled  to  Fort  Jackson  to  conduct  the  operational  test  of  the 
expert  system  for  size  prediction  on  June  8,  1994.  The  initial  plan  was  to  set 
up  a  computer  table  close  to  the  place  where  soldiers  are  measured,  just 
downstream  of  the  flow.  At  that  location  the  computer  operator  could  listen 
to  the  fitter  calling  out  measurements  and  enter  them  directly  into  the 
computer.  This  plan  was  revised  because  there  was  an  especially  large  group 
of  soldiers  to  process,  and  the  measurements  were  taken  by  three  detail 
soldiers  working  simultaneously  (note  the  potential  error  of  using  detail 
soldiers  for  measurement  taking,  not  preferred,  but  too  often  the  reedity).  It 
was  not  be  possible  for  a  computer  operator  to  handle  measurements  being 
called  out  for  several  soldiers  at  the  same  time.  Also,  the  head  fitter  thought 
the  measuring  area  was  too  congested  to  accommodate  a  computer.  The 
computer  table  was  set  up  at  the  back  of  the  room  where  measurements  were 
taken.  Soldiers  stopped  at  the  table  on  their  way  to  the  clothing  issue  line. 
Each  called  out  his  name  and  measmements  and  they  were  entered  into  the 
computer. 

There  were  two  options  for  handling  the  size  predictions.  Option  1:  when  the 
soldier  has  been  measured  he  receives  a  computer-printed  sheet  with  size 
predictions  and  puts  it  on  his  clipboard.  Fitters  can  consider  the 
recommendations  on  the  sheet  when  issuing  garments.  Option  2:  the 
computer-printed  sheet  is  held  on  file  and  just  checked  later  against  actual 
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sizes  issued.  Option  2  was  selected  because  it  caused  less  disruption  of  the 
normal  processing  (during  the  previous  test  option  2  was  exercised 
successfully). 

This  test  showed  the  expert  system  was  practical  (but  not  necessarily 
accurate  enough)  for  the  clothing  issue  faciHty  environment.  A  single 
computer  operator  very  nearly  kept  up  with  the  workload  on  one  of  the 
busiest  days.  Two  computers  woxold  be  sufficient  to  handle  all  processing 
without  delaying  operations. 

Speed  of  data  entry  could  be  improved  by  revising  the  expert  system  such 
that  data  is  input  in  the  same  order  as  it  appears  on  the  clothing  form.  Then 
soldiers  could  simply  sequentially  read  the  measurements  without  referring 
back  and  forth  to  the  computer  screen  and  the  clothing  form.  Also,  operation 
of  the  system  would  be  faster  if  it  were  set  up  for  a  rapid  data-entry/print 
cycle.  As  it  is,  the  operator  has  to  accomplish  several  selections  with  the 
mouse  in  between  processing  of  each  soldier. 

During  the  operational  tests,  performance  of  the  expert  system  was  not  as 
good  as  human  fitters.  The  case-based  foundation  of  the  system  is  sound,  but 
the  potential  accuracy  is  Hmited  by  the  validity  of  the  cases.  Several  factors 
contribute  to  shortcomings  in  the  cases  used  in  the  operational  tests. 

1.  Measurements  are  not  always  accurate.  Sometimes  detail  soldiers 
with  little  training  take  the  measurements.  Professional  measurers 
make  mistakes  because  they  operate  under  time  press^lre  and  get  tired 
from  handling  several  hundred  soldiers  in  a  few  hours. 

2.  Measurements  are  not  consistent.  Data  in  the  cases  was  produced  by 
different  professionals  and  detail  soldiers  who  do  not  necessarily 
employ  the  same  measurement  approach. 

3.  The  measurements  in  the  cases  are  not  a  sufficient  basis  to  determine 
garment  sizes.  Human  fitters  can  take  other  factors  into  account  when 
selecting  sizes  for  try-on,  but  the  expert  system  is  limited  to  the  data  in 
the  cases.  The  cases  themselves  suggest  the  insufficiency  of  the 
measurements.  There  are  situations  where  a  group  of  soldiers  all 
have  almost  the  same  body  measurements,  but  several  different  sizes 
of  a  garment  were  issued  to  soldiers  in  that  group.  Access  to  additional 
data  provided  by  a  3D  body  scan  is  expected  to  help  this  problem. 

4.  Variance  in  garment  tolerances  could  cause  inaccuracies.  This 
variance  can  cause  problems  whether  the  size  prediction  is  manual  or 
automated.  Given  the  assumption  that  out-of-tolerance  garments  are 
exceptional,  the  cases  stored  in  the  expert  system  should  be  based  only 
on  issues  of  in- tolerance  garments.  Therefore  garment  tolerances 
should  be  manually  checked  when  cases  are  gathered  to  calibrate  the 
expert  system,  to  insme  data  in  the  cases  is  valid. 
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5.  Certain  garment  designs  were  changed  after  cases  were  gathered  for 
the  expert  system.  According  to  the  staff  of  the  clothing  issue  facility 
at  Fort  Jackson,  the  new  long  sleeve  shirt  has  a  larger  chest  area  than 
the  old  one.  Also,  long  sleeve  shirt  sleeve  length  designations  were 
changed.  Since  the  new  all  weather  black  coat  has  a  thinner  liner  than 
the  old  one,  in  some  cases  a  smaller  size  can  be  issued.  The  new  green 
coat  seems  to  have  a  different  fit.  To  account  for  such  changes,  the 
expert  system  could  periodically  be  re-calibrated  with  a  new  set  of 
cases  using  the  new  garments. 

Further  details  about  the  system  are  provided  in  a  report  by  Sarat  Vemuri  in 
Appendix  A. 


Size  prediction  system  learning  curve  studies 

Generally,  performance  of  a  case-based-reasoning  system  improves  as  the 
number  of  cases  is  increased,  because  for  any  new  problem  the  chances 
increase  of  retrieving  a  case  which  is  very  similar.  But  at  some  point  the  rate 
of  improvement  will  level  off.  Certainly  cases  should  be  added  as  long  as  they 
tend  to  improve  system  performance,  but  when  the  marginal  benefit  of 
adding  cases  becomes  small,  continuing  to  add  them  could  be  a  wasted  effort 
and  could  adversely  affect  system  speed.  Dr.  Davis  worked  with  volunteer 
graduate  students  who  conducted  three  separate  studies  of  system  learning. 
The  first  study  was  done  by  Raktim  Sen. 


First  Learning  Curve  Study 

Sen's  approach  to  gaining  insight  on  this  problem  was  to  select  randomly  a 
set  of  test  cases  from  the  database  of  cases,  and  then  measure  system 
performance  as  cases  were  added  in  increments  of  200.  This  process  was 
tedious,  because  each  increment  of  cases  involved  importing  cases  and 
indexing  of  the  cases,  which  can  take  about  an  hour.  Sen  also  helped 
determine  how  to  test  system  performance.  Sen's  results  were  not  very 
significant,  but  he  did  help  determine  that  a  better  means  of  testing  was 
necessary. 

Detailed  evaluation  of  the  results  of  the  Remind®  built-in  testing  routines 
revealed  that  they  are  not  satisfactory  for  system  evaluation.  The  built-in 
routines  allow  random  selection  of  a  percentage  of  cases  as  "test  cases"  whose 
outcomes  are  assumed  to  be  correct.  Then  the  system  automatically  selects 
the  test  cases  one  by  one  and  for  each  will  retrieve  a  group  containing  a 
minimum  of  "n"  most  similar  cases  (similar  in  terms  of  body  measurements) 
from  the  database  (where  "n"  is  a  niunber  selected  by  the  operator).  A  report 
provides  a  summary  of  the  similarity  of  the  outcomes  of  the  retrieved  cases  to 
the  outcome  of  the  test  case  (in  this  project,  outcomes  are  garment  sizes). 
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A  significant  shortcoming  of  the  built-in  testing  routines  is  that  they  do  not 
directly  evaluate  system  predictions;  in  fact  they  do  not  even  handle  the 
concept  of  a  system  prediction.  The  ultimate  purpose  of  this  project  is  to 
produce  a  system  wMch  predicts  (selects)  garment  sizes  for  an  individual.  To 
evaluate  system  performance  for  a  prediction  of  a  particular  garment  size, 
say  the  short  sleeve  shirt,  one  would  like  to  analyze  the  accuracy  of 
predictions.  For  example,  for  a  group  of  180  test  cases  one  woxild  like  to  know 
how  often  the  system  prediction  is  correct,  how  often  it  is  off  by  a  half  size,  a 
full  size,  etc.  The  desired  report  would  look  like  the  following: 

Short  Sleeve  Shirt 


Test  Cases 

Difference  Between  System 

Number 

Percent 

Prediction  and  Test  Case  Outcome 

100 

55.6 

0.0 

60 

33.3 

0.5 

10 

5.6 

1.0 

10 

5.6 

1.5 

The  system  may  be  designed  to  provide  an  ordered  set  of  predictions,  e.g.  1st 
choice  size  15,  2d  choice  size  15.5,  3d  choice  16.0.  For  this  version  of  the 
system  the  test  report  should  take  into  account  the  success  of  the  alternate 
predictions,  perhaps  resulting  in  a  report  like  the  following: 

Short  Sleeve  Shirt 


Test  Cases 

Niunber 

Percent 

100 

55.6 

60 

33.3 

10 

5.6 

10 

5.6 

Second  Learning  Curve  Study 


Difference  Between  System 
Prediction  and  Test  Case  Outcome 

0.0 

0.5  (42  correct  on  2d  choice,  13  on  3d) 
1.0  (  6  correct  on  2d  choice,  2  on  3d) 
1.5  (  2  correct  on  2d  choice,  3  on  3d) 


The  next  study  was  performed  by  Dan  Elias  and  Peter  Kartawidjaja.  Their 
work  was  more  detailed  than  Raktim  Sen’s.  Elias  and  Kartawidjaja 
developed  "clusters"  (search  trees)  for  the  case-based  reasoning  system  for 
several  garments.  They  then  studied  the  "learning  curve"  of  the  system,  to 
help  determine  how  many  cases  are  necessary  for  satisfactory  results.  The 
basic  approach  was  to  test  the  performance  of  the  system  for  various  numbers 
of  stored  cases.  Ultimately  one  could  use  the  resulting  data  to  produce  a 
graph  of  the  learning  curve  (performance  vs.  number  of  stored  cases).  It  was 
expected  that  this  curve  would  rise  rather  rapidly  at  first,  but  then  begin  to 
level  off  at  some  point.  Probably  there  would  be  no  significant  advantage  to 
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be  gained  by  adding  more  cases  beyond  that  point.  It  was  expected  to  be 
useful  to  know  where  the  curve  levels  off  to  determine  whether  enough  cases 
are  on  hand  to  test  the  current  system  adequately.  Also,  this  information 
would  help  determine  how  many  cases  should  he  gathered  when  the  3D  body 
scanner  is  available. 

A  batch  testing  program  was  made  operational  and  was  successfully 
transferred  to  the  computer  owned  by  one  of  the  students  working  on  this 
part  of  the  project.  This  program  allows  nmning  numerous  tests  with  a 
single  command.  The  students  randomly  selected  100  cases  which  would  be 
used  as  test  cases  throughout  this  phase  of  the  project.  They  tested  the  batch 
testing  program  on  several  sample  files  and  confirmed  that  it  worked 
properly  and  provided  the  output  necessary  to  determine  the  learning  curve. 

When  the  study  of  the  “learning  curve”  of  the  size  prediction  system  was 
completed,  Elias  and  Kartawidjaja  decided  to  test  the  performance  of  the 
system  for  various  numbers  of  stored  cases  by  using  the  short  sleeved  shirt. 
The  steps  in  the  study  included  selecting  a  set  of  test  cases,  forming 
databases  for  various  numbers  of  cases,  converting  each  database  to  a  CBR 
library  file,  testing  each  library  file,  and  reporting  results. 


Selection  of  Test  Cases 

There  are  4058  cases  available  from  data  collected  at  Fort  Jackson,  SC. 
Two  himdred  cases  were  selected  randomly  as  test  cases,  using  the  RAND 
function  in  Lotus  1-2-3.  These  were  stored  in  a  file  and  were  eliminated 
from  the  master  database  of  cases. 


Forming  Databases 

Two  different  approaches  were  employed  in  forming  a  set  of  databases  of 
various  sizes:  random  and  stacked.  The  random  approach  involved 
creating  a  database  “from  scratch”  by  randomly  selecting  a  certain 
number  of  cases  from  the  master  database.  The  stacked  approach 
involved  starting  with  a  database  of  20  randomly-selected  cases,  and  then 
building  larger  databases  by  progressively  adding  more  cases  from  the 
master  database.  Using  each  method,  databases  of  the  following  sizes 
were  generated:  20,  40,  60,  80,  100,  150,  200,  300,  400,  500,  1000,  2000, 
3000,  and  3858. 


Converting  to  CBR  Library 

Initially  a  new  library  with  an  appropriate  format  had  to  be  created,  to 
allow  importing  data  from  the  databases.  The  “outcome”  field  and  all 
“match”  field  t3q)es  were  set  to  “REAL”  so  that  the  library  would  be 
compatible  with  the  testing  program  RETR1.EXE  which  had  been  created 
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earlier.  Short-sleeve-shirt-size  was  the  outcome  and  the  match  fields  for 
the  inductive  search  were  chest,  height,  neck,  waist,  and  weight.  The 
nearest  neighbor  search  weight  vectors  were: 


chest 

16 

(33%) 

height 

8 

(17%) 

neck 

8 

(17%) 

waist 

8 

(17%) 

weight 

8 

(17%) 

The  first  step  was  to  activate  the  new  library  in  Remind®,  and  then 
import  from  one  of  the  databases.  Those  cases  were  designated  as 
“stored”.  The  test  cases  were  imported,  and  were  left  with  the 
h5rpothetical  designation.  Finally,  the  new  library  was  clustered,  meaning 
Remind®  automatically  built  an  index  tree  which  used  the  features  of  the 
stored  cases  to  account  for  differences  in  outcome  field  values  (short  sleeve 
shirt  sizes). 


Testing 

Once  a  library  was  formed,  it  was  tested  using  the  RETR1.EXE  testing 
program  which  automatically  identifies  the  test  (hypothetical)  cases  in  the 
library,  and  for  each  conducts  a  test  and  stores  the  results  in  a  file.  For 
each  test  case,  RETR.EXE  performed  an  inductive  retrieval  followed  by  a 
nearest  neighbor  search.  Finally,  voting  was  employed  for  the  10  cases 
which  had  the  highest  similarity  score  assigned  by  the  nearest  neighbor 
search.  The  size  receiving  the  highest  number  of  votes  was  designated  as 
first  choice,  and  so  on  for  the  second  and  third  choice.  Results  of  each  test 
case  appear  in  one  row  of  the  output  file,  and  include  the  three  chosen 
sizes,  the  number  of  votes  each  received,  and  the  "correct"  size.  The 
"correct"  size  is  taken  from  the  test  case;  the  assumption  is  that  it  was 
correctly  assigned  by  a  human  fitter.  The  testing  program  counts  the 
munber  of  times  the  first,  second,  and  third  choices  were  correct,  and  the 
number  of  times  none  of  the  choices  were  correct. 


Refining  the  Set  of  Test  Cases 

Before  attempting  to  test  system  performance,  the  test  set  was  purged  of 
cases  which  seemed  to  be  erroneous.  Sources  of  errors  include  rounding  of 
measurements,  mistakes  in  measurement,  mistakes  in  recording  data  on 
the  clothing  form,  non-standard  tolerances  on  garments,  and  mislabeled 
garments.  To  identify  problematic  cases,  the  first  test  was  conducted  with 
the  largest  available  library  of  3858  cases.  A  case  was  purged  if  among 
the  10  retrieved  cases  there  were  8  or  more  votes  for  a  different  size. 
Nineteen  test  cases  were  purged,  leaving  181. 


DLA900-87-D-0017,  DO  0026  Final  Report:  Page  34 


Results  of  the  Second  Learning  Curve  Study 

The  study  produced  a  significant  amount  of  data.  The  main  findings  are 
concisely  reported  here.  Because  of  the  way  cases  were  randomly  selected 
from  scratch  in  the  random  method,  system  performance  was  rather  erratic 
as  the  number  of  stored  cases  increased.  But  with  the  stacked  method, 
system  performance  tended  to  improve  as  the  number  of  stored  cases 
increased,  as  would  be  expected.  However,  there  were  a  few  situations  where 
the  performance  became  worse  as  more  cases  were  added  (Table  4), 


Table  4.  Results  of  Testing  with  the  Stacked  Approach 

#  Stored  Percentage  of  Correct  First  Choice 

C^es  Predictions  for  181  Test  Cases 

20 

55.2 

40 

62.4 

60 

64.2 

80 

67.4 

100 

69.0 

150 

64.4 

200 

67.9 

300 

71.8 

400 

70.3 

500 

71.3 

1000 

66.3 

2000 

71.8 

3000 

71.3 

3858 

70.2 

Third  Learning  Curve  Study 

A  volxmteer  graduate  student,  Vinit  Jindal,  performed  research  which 
contributed  to  this  project,  with  Steve  Davis  advising  him.  His  objective  was 
to  determine  the  "learning  curve"  of  the  revised  expert  system.  The  case- 
based  system  should  perform  better  as  more  cases  are  added,  but  one  would 
expect  that  at  some  point  the  rate  of  increase  in  performance  should  begin  to 
level  off.  A  study  of  this  sort  should  help  answer  the  question,  "how  many 
cases  are  enough?" 

Jindal  did  the  most  extensive  study.  The  main  finding  was  that,  as  one 
would  expect,  learning  increased  relatively  rapidly  at  first  and  then  leveled 
off  as  more  cases  were  added  to  the  database.  But  it  was  surprising  to  find 
that  even  with  just  a  few  cases  in  the  database,  predictions  were  nearly  50% 
correct.  For  the  short  sleeve  shirt,  when  cases  were  increased  to  4000  the 
performance  only  increased  to  67%.  This  indicates  that,  for  this  database, 
the  learning  curve  is  rather  shallow. 
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Jindal's  report  (see  Appendix  B)  summarizes  the  results  of  the  study  of 
learning  with  short  sleeve  shirt  and  trousers.  For  various  numbers  of  cases 
in  the  library  it  was  determined  what  percentage  of  predictions  were  correct 
for  100  randomly  selected  cases.  Results  are  shown  for  the  first,  second,  and 
third  choice  of  system  predictions. 

3D  Body  Scanner  Interface  Software  Development 

The  project  team  was  divided  into  two  groups.  The  expert  system  group 
focused  on  developing  the  size  prediction  software.  The  3D  group  focused  on 
developing  methods  of  extracting  measurements  from  a  3D  body  scan.  The 
initial  effort  of  the  3D  group  concentrated  on  developing  demonstration 
programs  on  two  computer  systems:  a  SUN  workstation  and  an  IBM  PS/2. 

The  SUN  demo  runs  under  the  X-Window  System  and  allows  the  user  to  view 
and  manipulate  3D  objects  on  the  screen.  User  options  include  automatic 
rotation,  increase  and  decrease  of  speed  of  rotation,  manual  rotation  in  each  of 
the  three  dimensions,  and  scaling  of  the  object  up  and  down.  The  user  also 
has  the  option  of  selecting  among  several  datafiles,  quickly  displaying  one  or 
more  in  individual  windows. 

In  order  to  develop  this  demonstration,  a  graphical  library  was  built  for  the 
3D  object  display.  The  library  contained  routines  that  perform  3D 
manipulations.  This  includes  3D  transformation,  translation,  scaling  and 
rotation,  and  3D  to  2D  projection.  The  library  is  independent  of  the 
hardware  platform,  and  thus  is  easily  ported  to  different  machines,  such  as 
the  IBM  PS/2. 

A  demonstration  of  preliminary  3D  software  was  developed  for  the  Sun 
workstation.  This  software  converts  the  x-,  y-,  z-coordinates  in  the  file  from 
the  3D  scanner  to  a  computer  image  of  the  person’s  torso  on  the  screen.  The 
software  allows  the  user  to  rotate  the  image  to  virtually  any  perspective.  The 
data  diskette  with  the  output  from  the  3D  scanner  was  obtained  from  Jud 
Early  of  [TC]^  during  the  meeting  with  him  in  Charlotte  in  mid-July  1992 
(see  page  5  and  Figure  1,  page  6). 

A  similar  demonstration  was  developed  for  an  IBM  PC  compatible  machine. 

It  was  displayed  at  the  Clemson  Apparel  Research  booth  at  the  1992  Bobbin 
Show  in  Atlanta  (September  15-18).  The  PC  version  displayed  the  rotating 
image  of  a  torso.  It  also  highlighted  in  color  three  cross  sections  (chest,  waist, 
and  seat)  and  displayed  in  a  small  box  on  the  screen  the  circumferences  of 
these  body  dimensions  with  accompanying  predicted  military  uniform  sizes. 

In  the  final  system  being  developed  it  is  expected  that  these  measixrements 
will  be  sent  directly  from  the  3D  scanner  to  the  case-based  (expert)  system 
which  will  predict  the  size  uniform  that  a  recruit  will  initially  try  on. 

The  Bobbin  Show  demonstration  program  ran  under  Microsoft  Windows 
version  3.1.  Borland  C+-h  and  Object  Windows  were  the  chosen  tools  for  the 
implementation. 
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The  next  step  was  to  port  the  code  running  under  X-Windows  onto  the  PC.  A 
framework  was  developed  which  supports  drawing  facilities,  this  being  the 
device-dependent  code.  Next,  the  device-independent  code  for  3-D  viewing 
operation  was  integrated  into  the  framework.  A  few  modifications  were  made 
to  bypass  the  memory  restrictions  on  the  PC.  For  example,  the  large  memory 
model  had  to  be  used. 

Enhancements  to  the  software  were  started.  These  included:  (a)  allowing  the 
user  to  click  on  an  arbitrary  horizontal  “slice”  of  the  torso,  not  just  the  chest, 
waist,  or  seat,  and  to  take  its  measmement;  (b)  allowing  the  user  to  click  on 
two  points  on  the  body  to  take  a  surface  measurement  from  a  first  to  a  second 
point,  or  through  a  second  point  to  a  third  point;  (c)  selecting  from  any 
number  of  image  files  and  viewing  the  image;  (d)  displaying  multiple  images 
on  the  screen  simultaneously,  or  eqxiivalently,  multiple  perspectives  of  the 
same  image  simultaneously;  and  (e)  developing  a  library  of  functions  to 
automate  the  measurements  (i.e.,  to  enable  the  software  to  determine  the 
location  of  different  parts  of  the  body  and  then  measure  them). 


Point-and-click  Measurement,  Circumferences  and  Straight-Line  Distances 

An  initial  version  of  "point-and-click"  measurement  was  developed.  The 
software  was  developed  to  allow  a  user  with  a  mouse  to  select  interactively 
and  highlight  a  horizontal  slice  of  the  human  figure  or  a  line  segment 
between  two  random  points  on  the  body  surface  (Figure  2).  If  a  horizontal 
slice  is  selected,  the  software  measmes  the  length  of  the  circumference  of  the 
slice.  If  two  points  are  selected,  the  software  takes  the  shortest  surface 
distance  between  the  two  points.  In  either  case,  the  measurement  value  is 
displayed  in  a  window  in  the  upper  right  hand  corner  of  the  screen. 

The  user  continued  to  be  able  to  modify  his  or  her  perspective  of  the  figure, 
either  translating  the  figure  in  the  X-,  Y-,  or  Z-direction,  or  rotating  the 
figure  in  the  X-,  Y-,  or  Z-direction.  If  the  figure  is  either  translated  or 
rotated,  the  selected  slice  or  the  line  segment  continues  to  be  highlighted. 
This  allows  the  user  to  view  the  slice  or  segment  from  virtually  any  direction, 
at  this  point  the  code  ran  on  SUN  workstations  only. 

Early  in  the  project,  very  preliminary  work  was  done  on  automatic 
identification  of  body  dimension  locations.  This  requires  that  the  software 
correctly  identify  parts  of  the  body,  the  chest  for  instance.  If  the  data 
representing  the  body  is  complete,  i.e.,  if  an  accurate  scan  has  been  obtained 
from  the  neck  to  mid-thigh,  chest  identification  and  measurement  can  be 
done  easily.  The  software  simply  searches  for  the  slice  just  below  the 
armpits.  Problems  occur,  however,  when  the  data  is  incomplete.  For 
example,  if  the  data  describes  a  figure  with  no  arms  or  only  a  single  arm, 
chest  identification  is  difficult.  It  is  assumed  that  an  improved  body  scanner 
will  eliminate  this  incomplete  data  problem. 
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Porting  Code  from  SUN  Workstations  to  IBM  PC -compatibles 

Guidelines  were  developed  for  porting  the  software  developed  on  a  SUN 
workstation  to  an  IBM  PC-compatible  running  Microsoft  Windows.  These 
guidelines  are  listed  below. 

Generality 

If  a  called  function  needs  a  structure  from  the  calling  function,  the 
structure  should  be  passed  as  an  argument  and  should  not  be  accessed  as 
a  global  variable.  This  has  the  advantage  that  any  person  reading  the 
code  can  understand  (sometimes  even  without  comments)  what  that 
function  does  and  what  kind  of  arguments  it  takes. 

Since  by  nature  C++  is  a  language  with  the  philosopy  that 
implementation  details  sho;ild  be  hidden,  and  since  nearly  all  interaction 
takes  place  between  classes,  it  becomes  increasingly  difficult  to  integrate 
code  which  makes  use  of  global  variables.  Moreover,  disallowing  the  use 
of  global  variables  makes  the  code  more  general  and  easier  to  change. 

More  Emnhasis  on  Commenting 

All  functions  should  be  preceeded  with  one  or  two  lines  describing  what  it 
does. 

Modularity 

Standard  conventions  should  be  followed  regarding  .h  files.  All  .h  files 
should  contain  the  prototypes  of  all  accessible  functions  in  a  certain 
module.  .H  files  should  contain  information  on  the  fimctions  defined  in 
the  corresponding  .c  file.  When  it  comes  to  porting,  .h  files  would  be 
needed  for  declaring  external  "C"  functions  so  that  these  can  be  linked 
properly.  NOTE:  .H  files  contain  particulars  of  the  data  (size,  number  of 
points)  which  .c  files  are  programs. 


The  User  Interface 

The  User  Interface  of  the  SUN  version  of  the  3D  code  was  separated  from  the 
remainder  of  the  code  in  order  to  facilitate  porting  the  software  to  the  IBM- 
PC  compatible  running  Microsoft  Windows.  The  User  Interface  consists  of  all 
windowing-related  functions. 

More  options  were  added  to  the  user  interface.  The  user  could  change  the 
angle  of  rotation,  translation  offset,  and  scale  factor  using  a  potentiometer¬ 
like  measuring  device.  In  addition,  automatic  rotation  about  individual  axes 
was  made  possible.  Finally,  color  was  added  to  all  the  windows  and  buttons 
in  the  menu  window,  making  the  menu  buttons  more  realistic. 
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Point  and  Click  Surface  Measurement 

The  next  code  development  was  to  take  the  surface  distance  measurement 
from  one  arbitrary  point  on  the  body  to  another.  The  method  selected  was 
Dijkstra's  algorithm  which  can  be  used  to  compute  the  shortest  path  between 
points  on  an  undirected  graph. 

In  order  to  use  Dijkstra's  algorithm,  it  was  necessary  to  impose  a  graph  on 
the  set  of  discrete  points.  Recall  that  all  that  is  available  is  a  set  of  points 
expressed  in  X,  Y,  Z  coordinates  in  3-D  space.  Because  the  points  are  laid  out 
in  rows  and  columns  on  the  person's  body,  a  natural  approach  seemed  to  be  to 
connect  points  to  their  nearest  neighbors.  For  example,  if  each  point  were 
connected  to  its  north,  east,  west,  and  south  neighbors,  then  the  following 
interconnection  pattern  emerges: 


X  —  X  —  X  —  X  —  X  —  X  — 

I  I  I  I  I 

X  —  X  —  X  —  X  —  X  —  X  — 

I  I  I  I  I 

X  —  X  —  X  —  X  —  X  —  X  — 

I  I  I  I  I 


Dijkstra's  algorithm,  with  this  squarish  pattern,  did  not  produce  smooth 
paths  between  source  and  destination  points.  A  period  of  experimentation 
with  other  patterns  followed.  The  objective  was  to  find  an  interconnection 
which  produced  reasonably  smooth  paths  from  source  to  destination  nodes. 
The  pattern  that  provided  the  desired  smoothness  is  described  below. 

Let  the  x's  below  represent  points  on  the  3D  image.  Consider  the  point  "X"in 
the  center. 
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Number  the  points  in  the  rows  above  and  below  point  "X"  as  shown  above. 
The  point  directly  above  and  below  X  are  numbered  0.  Points  to  the  right  of 
points  0  are  numbered  1,  2, ....  Points  to  the  left  of  points  0  are  numbered  -1, 
-2, ....  An  edge  is  defined  between  point  X  and  points  -5,  -3,  -2,  -1,  0,  1,  2,  3, 
and  5  in  the  rows  above  and  below  X.  In  addition,  edges  are  formed  between 
X  and  points  immediately  to  its  left  and  to  its  right. 
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Defining  more  edges  will  lead,  at  least  in  the  short  term,  to  smoother  paths, 
but  at  the  expense  of  longer  computation.  A  software  design  decision  was 
later  made  to  define  which  graph  to  impose  on  the  set  of  points.  A  possible 
option  could  be  to  allow  the  user  to  select  among  several  graphs,  selecting 
between  path  smoothness  and  speed  of  computation. 

After  the  graph  is  defined,  it  is  possible  to  apply  Dijkstra's  algorithm.  The 
algorithm  is  called  a  breadth-first  search  for  the  destination  point  starting 
from  the  source  point.  As  the  search  widens,  more  points  are  examined  and 
compared  with  the  destination  point.  The  search  approach  is  very  much  like 
that  of  an  ever-widening  ripple  formed  when  one  tosses  a  pebble  on  a  still 
lake.  Once  a  destination  point  is  discovered,  the  path  that  led  to  the  point  is 
determined  and  returned  by  the  algorithm.  The  interested  reader  may  learn 
more  about  Dijkstra’s  algorithm  in  a  book  on  computer  data  structures  [for 
example,  Weiss,  M.  (1992).  Data  structures  and  algorithm  analysis. 

Redwood  City,  CA:  Benjamin  Cummings].  This  basic  algorithm  allows  a 
variety  of  surface  measurements  to  be  taken  on  the  3D  image. 


Single  Source,  Multiple  Destination  (Radial)  Measurement 

In  single  source  multiple  destination  (radial)  measuring  the  objective  is  to 
define  first  the  source  point  (XI),  and  then  a  set  of  destination  points  (X2,  X3, 
...,  XN).  The  strategy  is  to  apply  Dijkstra's  algorithm  starting  with  the  source 
point  and  spreading  out  in  a  breadth-first  fashion,  as  described  above.  As 
destination  points  are  discovered,  the  distances  from  the  source  point  are 
recorded.  Dijkstra's  algorithm  continues  to  be  applied,  however,  for  as  long 
as  imdiscovered  points  remain  in  the  destination  set.  It  defines  the  set  of  (n- 
1)  measurements  from  XI  to  X2,  from  XI  to  X3, ...,  from  XI  to  Xn.  We  start 
at  XI  and  conduct  a  search  outward  collecting  paths  first  to  the  nearest 
points,  and  then  to  points  further  and  further  away.  At  each  step,  we  check 
to  see  if  the  new  points  examined  contain  any  of  the  points  X2  through  Xn.  If 
the  point  Xk  (2  <=  k  <=  n)  is  found  among  the  most  recently  examined  points, 
the  path  from  XI  to  Xk  is  determined,  the  edges  are  highlighted,  the  sum  of 
the  edges  is  taken,  and  the  outward  search  for  points  continues.  The  process 
terminates  when  the  destination  point  most  distant  from  the  source  point  is 
discovered.  The  (n-1)  measurements  are  displayed  in  the  MEASUREMENTS 
window  on  the  computer  screen. 

This  strategy  provides  results  quickly  because  all  that  is  required  is  a  single 
application  of  Dijkstra's  algorithm.  At  each  step,  the  set  of  destination  points 
is  compared  with  the  points  most  recently  covered  by  Dijkstra's  algorithm.  If 
any  destination  points  are  found,  their  distances  from  the  somce  point  Eire 
recorded  and  the  destination  points  are  marked  as  discovered. 
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Multiple  Point  Measurement  Along  the  Body  Contour 

In  multiple  point  measurement  along  the  body  contour,  the  first  objective  is 
to  define  a  sequence  of  points,  xl,  x2, xN  and  measure  the  distances 
between  them  (xl,  x2),  (x2,  x3), ...,  (x[N-l],  xN).  The  strategy  is  to  apply 
Dijkstra's  algorithm  N-1  times.  In  the  first  application,  xl  is  the  source  point 
and  x2  is  the  destination  point.  In  the  second  application,  x2  is  the  source 
and  x3  is  the  destination,  and  so  on.  This  operation  requires  multiple  calls  to 
Dijkstra's  algorithm  and  takes  the  corresponding  amount  of  time  to  complete. 

This  operation  is  a  perfect  application  for  parallel  processing.  If  multiple 
processors  were  available,  it  wordd  be  possible  for  each  processor  to  take  a 
distinct  measurement  independently.  The  operation  could  then  proceed  P 
times  faster  where  P  is  the  number  of  processors  available.  Parallel 
processing  is  a  technology  that  is  has  become  cost-effective  for  PC's  and  may 
be  considered  in  the  future. 

After  allowing  the  user  to  click  on  several  points  on  the  body:  Xl,  X2,  X3, ..., 
Xn,  multipoint  measurement  takes  the  sum  of  smface  distances  between  Xl 
and  X2,  between  X2  and  X3, ...,  between  X(n-1)  and  Xn.  For  example, 
multipoint  measurement  may  be  used  to  measure  the  distance  between  a 
point  on  the  person's  center-back,  to  the  shoulder,  to  the  elbow,  to  the  wrist 
(for  sleeve  length  definition).  The  path  on  the  body  is  displayed  as  the 
measurements  are  taken  (Figure  3).  This  allows  the  user  to  verify  visually 
that  the  measurement  taken  is  accurate.  The  Dijkstra's  algorithm  graph 
selected  for  surface  measurement  connects  each  point  to  twenty  neighboring 
points.  This  gives  a  smooth  appearance  to  the  paths  formed  when  taking 
multipoint  and  radial  measurements. 


Development  of  PC  software 

After  creating  the  new  tools  on  the  Sun,  the  focus  of  the  3D  software 
development  was  on  improving  the  PC  version.  The  execution  of  multipoint 
measurement  was  particularly  slow,  taking  approximately  2.5  minutes  to 
take  a  measurement  from  center-back  to  shoulder  to  elbow  to  wrist.  This  was 
considered  totally  unacceptable  execution  time. 

The  first  improvement  was  to  represent  the  data  in  more  compact  form, 
specifically  reducing  the  space  required  for  the  representation  of  a  numerical 
value  from  4  bjdes  down  to  2  b3des.  This  reduction  in  space,  allowed  the 
entire  set  of  over  8,000  body  points  and  the  induced  graph  which 
interconnects  the  points  (consisting  of  approximately  18*8,000  =144,000 
edges)  to  be  loaded  into  memory  at  one  time.  Being  able  to  access  all  values 
immediately,  because  they  are  all  contained  in  memory,  made  a  significant 
contribution  to  the  reduction  of  execution  speed. 

Searching  for  neighboring  points  also  became  more  efficient.  The  path  from  a 
point  to  any  other  point  is  formed  by  examining  each  edge  from  the  source  to 


Figure  3.  Highlighted  surface  distance  to  be  measured  (before  smoothing). 
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its  neighboring  points,  and  then  edges  from  the  neighboring  points  to  their 
neighboring  points,  and  so  on,  until  the  destination  point  is  discovered.  The 
basic  step  is  therefore  to  discover  quickly  which  points  are  neighbors  to  a 
point.  The  software  performing  this  basic  step  was  improved  and  also 
contributed  to  the  improvement  in  execution  speed. 

Finally,  the  code  was  ported  to  a  faster  PC,  specifically  a  PC  with  a  33 
megahertz  Intel  80486  processor  running  Windows  3.1.  These  three 
improvements  to  the  PC  version  of  the  code  reduced  execution  time  by 
approximately  80%.  The  time  to  measure  from  center-back  to  shoulder  to 
elbow  to  wrist  was  reduced  to  approximately  30  seconds.  Measurements  of 
30  seconds  or  less,  should  be  acceptable  to  the  end  user. 


Continued  Tool  Development — Vertical  Slices 

The  3D  software  development  group  created  tools  to  describe  vertical  "slices"  of 
the  body  image.  If  we  describe  the  body  as  existing  in  3D  space,  i.e.,  X-,  Y-,  and 
Z-space,  a  slice  of  the  body  is  defined  simply  as  the  subset  of  points  of  the  body 
image  obtained  by  setting  one  of  the  dimensions  to  a  constant  value  (in  the 
circumferences  already  defined,  the  slice  had  a  constant  Y).  If  we  fix  the  X- 
value  to  some  constant  and  allow  the  Y-  and  Z-values  to  vary,  we  obtain  a 
vertical  slice  of  the  body  from  front  to  back.  If  we  allow  the  X-value  to  increase 
or  decrease,  we  get  different  vertical  slices  of  the  body.  Similarly,  if  we  fix  the 
Z-value  to  a  constant  and  allow  the  X-  and  Y-values  to  vary,  we  obtain  a  vertical 
slice  of  the  body,  this  time  from  the  left  to  the  right  side.  These  slices  can 
provide  information  regarding  the  posture  of  individuals,  thus  allowing  for 
more  accurate  fitting  of  shirts  and  jackets  in  special  measurements  uniform 
issue  (Figures  4  and  5). 

The  user  may  elect  to  take  slices  along  the  X-  or  along  the  Z-axis.  For 
example,  the  software  allows  the  user  to  select  a  point  Xq  on  the  X-axis  using 
the  cursor  arrows  as  necessary.  A  new  window  displays  points  of  the  body  on 
or  near  the  vertical  plane  X=Xo.  If  the  body  is  facing  front,  the  result  is  a  side 
view  of  a  front-to-back  slice  of  the  body,  containing  parts  of  the  chest  and  the 
back. 

The  user  may  also  select  a  point  Zq  along  the  Z-axis  and  generate  a  display  of 
points  of  the  body  on  or  near  the  vertical  plane  Z=Zo.  If  the  body  is  facing 
front,  the  result  is  a  frontal  view  of  a  slice  of  the  body  extending  from  one  arm 
to  the  other. 

The  slices  provide  selected  views  of  the  body  allowing  the  user  to  focus  on 
specific  parts  of  the  body.  For  example,  a  slice  along  the  X-axis  may  show  the 
curvature  of  the  person's  body  along  a  line  down  the  center  of  his  or  her  back. 
The  same  slice  would  give  a  profile  of  the  person's  waist  or  seat.  Similarly,  a 
slice  along  the  Z-axis  can  isolate  the  person's  shoulders  and  highlight  their 
slope. 
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Figure  4.  Vertical  slice  selected. 
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+ 


Figure  5.  Vertical  slice  displayed  in  side  view. 


DLA900-87-D-0017,  DO  0026  Final  Report:  Page  46 


The  next  step  in  this  development  was  to  allow  the  user  to  take 
measurements  along  the  selected  slice.  The  first  measurement  considered 
allows  the  user  to  click  on  a  source  point  and  a  destination  point.  The 
software  takes  a  measurement  from  the  source  to  the  destination  points 
along  the  surface  of  the  body.  This  allows,  for  example,  a  measurement  from 
the  base  of  the  neck  to  the  waist  of  a  person  along  the  person's  spine. 


Automatic  Body  Part  Recognition 

Following  the  project  team  review  and  planning  meeting  in  July  1993,  for  the 
next  several  months,  the  3D  software  development  effort  focused  on 
automatic  body  part  recognition.  This  software,  when  complete,  could 
determine,  for  example,  the  chest,  waist,  seat,  sleeve  length,  etc.  of  the 
scanned  body  without  user  intervention.  The  primary  objective  was  to  have 
the  computer  detect  specific  body  parts  and  measure  each  automatically. 

The  first  step  in  automatic  recognition  of  body  parts  was  a  general 
partitioning  of  the  body  into  its  basic  components.  The  project  team  chose  to 
construct  a  hierarchical  partitioning  of  the  body.  At  the  highest  level.  Level 
1,  the  components  are  the  person’s  head  and  neck,  torso,  arms  and  legs.  Each 
of  the  components  can  then  be  partitioned  further.  For  example,  the  torso 
can  be  further  partitioned  into  the  Level  2  components:  the  seat,  the  waist, 
and  the  chest.  Similarly,  an  arm  can  be  fiirther  partitioned  into  Level  2 
components:  upper  arm,  lower  arm,  wrist  and  hand,  etc.  How  many  levels 
are  used,  i.e.,  how  much  information  is  needed,  determines  how  detailed  the 
partitioning  should  be. 

The  data  used  is  organized  in  such  a  way  that  a  horizontal  “slice”  of  the  body 
is  the  basic  unit.  The  arms,  legs,  and  torso  are  each  divided  into  slices.  The 
enumeration  of  the  slices  proceeds  from  the  neck  downward.  This  implies 
two  things.  First,  a  body  part  will  simply  be  a  collection  of  data  “slices”.  So, 
for  example,  the  left  arm  may  be  composed  of  slices  {23,  26,  29,  32, ...}.  And 
second,  individual  slice  information  must  be  used  to  determine  which  body 
part  a  slice  is  a  member  of  Two  such  pieces  of  information  are:  (a)  slice 
circumference  and  (b)  slice  position. 

The  initial  approach  use  identified  Level  1  components  as  follows: 

1.  Recognize  arms  and  legs  using  both  slice  position  and  slice 
circumference.  The  remaining  slices  comprise  the  torso. 

2.  Identify  the  arm  pits  again  using  slice  circumference. 

3.  Identify  the  chest  line  on  the  torso.  This  can  be  done  by  identifying  the 
first  slice  imder  the  arm  pit. 

4.  Recognize  the  chest  area,  i.e.,  the  area  about  the  chest  line. 

5.  The  remaining  slices  in  the  torso  comprise  the  lower  torso. 

6.  Divide  the  lower  torso  into  the  waist  area  and  the  seat  area. 
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7.  Find  the  fullest  slice,  i.e.  the  slice  whose  distance  between  the  front 
and  the  rear  is  the  largest  and  near  the  bottom  of  the  lower  torso.  This 
we  call  the  Seat. 

8.  Identify  the  waist  as  that  slice  near  the  top  of  the  lower  torso  which 
either  has  the  smallest  circumference  if  the  circumferences  near  the 
top  of  the  lower  torso  are  decreasing,  or  has  the  largest  circximference 
if  the  circumferences  near  the  top  are  increasing. 

The  programming  primitives  used  to  determine  these  body  component  parts 
are  building  blocks  for  automatic  measurement  definition.  This  was 
accomplished  through  a  command  interpreter.  The  general  format  of  a 
command  is: 


command  option 

where  a  command  is  one  of  four  types;  Region,  Slice,  Point,  and 
Measurement  (options  vary  with  each  command). 

A  Region  command  is  used  to  select  a  region  of  the  body.  The  user  may  then 
enter  a  Slice  command  to  select  a  specific  slice  within  the  region.  Point 
commands  allow  the  user  to  select  a  point  within  a  slice.  Slices  and  points 
may  be  saved  and  used  with  other  Slice,  Point,  and  Measurement  commands. 
Subcommands  within  each  command  type  are  described  in  detail  below. 

Commands  are  not  case  sensitive,  thus  REGION  TORSO  and  region  torso 
are  equivalent.  Commands  and  options  must  be  spelled  out  in  full.  The 
messages  "Command  not  recognized"  or  "Option  not  recognized"  are 
generated  whenever  commands  or  options  are  misspelled. 

Region  Command 

The  format  of  the  region  command  is  region  area  where  area  is  one  of 
TORSO,  LARM,  RARM,  LLEG,  RLEG,  UPBODY,  ALL.  This  command 
selects  the  part  of  the  body  that  the  user  wants  to  study  further  and 
measure.  The  areas,  respectively,  are  the  torso,  left  arm,  right  arm,  left 
leg,  right  leg,  upper  body,  and  the  entire  body.  An  area  must  be  selected 
before  the  user  may  issue  Slice  commands.  If  a  slice  command  is  issued 
before  an  area  is  selected,  an  error  message  will  be  generated. 

Slice  Commands 

There  are  several  Slice  commands  available. 

selectslice  percent  where  percent  is  an  integer  between  0  and  100.  This 
command  allows  the  user  to  specifiy  a  slice  some  percentage  distance 
from  the  top  of  the  region,  where  the  distance  from  top  to  bottom 
represents  100%.  Selectslice  10,  for  example,  will  select  the  slice 
approximately  10  percent  from  the  top  of  the  region.  For  convenience, 
three  often  used  percentages  are  fixed,  namely  topslice  (which  selects 
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the  top  slice  of  the  selected  region  and  is  equivalent  to  selectslice  0), 
middleslice  (which  selects  the  middle  slice  of  the  selected  region  and 
is  equivalent  to  selectslice  50),  and  bottomslice  (which  selects  the 
bottom  slice  of  the  selected  region  and  is  equivalent  to  selectslice 
100). 

slicemove  direction  distance  where  direction  is  either  UP  or  DOWN  and 
distance  is  a  positive  numeric  value  representing  a  distance  in  inches. 
For  example,  slicemove  UP  1.5  moves  up  from  the  current  slice  a 
distance  of  1.5  inches.  The  newly  selected  slice  becomes  the  current 
slice.  The  current  slice  may  be  saved  for  future  use. 

slicesave  name  saves  the  cxirrent  slice  and  assigns  to  it  a  name.  This 
name  may  be  used  in  other  Slice  commands  (see  maxslice  and 
minslice  below).  Name  may  be  any  string,  starting  with  a  non-blank 
character  and  continuing  with  any  character  (including  blanks  and 
pvmctuation)  up  to  a  maximum  length  of  twenty  characters.  The 
following  are  all  valid  names:  mid-thigh,  abdominal  mid-point,  slice 
12,  KNEE  CAP,  +++++.  Names  must  be  used  with  the  following  two 
commands. 

maxslice  slicel  slice2  where  slicel  and  slice2  are  slice  names  (see  the 
slicesave  command  above).  The  command  maxslice  selects  from  the 
current  region  the  slice  with  the  largest  circumference  between  slicel 
and  slice2.  Slicel  must  be  above  slice2.  In  the  case  of  a  tie,  the  slice 
closest  to  slicel  is  selected. 

minslice  slicel  slice2  where  slicel  and  slice2  are  slice  names  (see  the 
slicesave  command  above).  The  command  minslice  selects  from  the 
current  region  the  slice  with  the  smallest  circumference  between  slicel 
and  slice2.  Slicel  must  be  above  slice2.  In  the  case  of  a  tie,  the  slice 
closest  to  slicel  is  selected. 

Point  Commands 


Point  commands  allow  a  user  to  select  individual  points  within  a  slice. 
Two  commands  available  are  the  center  and  most  commands. 

center  posi^^on  where  position  is  one  of  FRONT,  BACK,  LEFT,  RIGHT. 
This  command  selects  the  point  closest  to  the  center  front,  center  hack, 
center  left,  center  right  of  the  current  slice. 

most  position  where  position  is  one  of  FRONT,  BACK,  LEFT,  RIGHT. 
This  command  selects  the  front  most,  back  most,  left  most,  or  right 
most  point  of  the  current  slice. 

Further  development  work  proceeded  on  measurement  commands  and 
control  commands.  Eventually  these  building  blocks  of  commands  can  be 
combined  into  macros  which  will  select  landmarks,  measure  the  3D  scan,  and 
record  measurements  in  a  data  file  to  be  sent  to  the  size  prediction  expert 
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system.  An  interactive  step  requiring  approval  of  the  selected  measurement 
sites  by  the  operator  will  be  included. 

The  next  two  commands  included  in  the  command  interpreter  were:  (a) 
surfacedist  and  (b)  lineardist,  which  compute  the  surface  and  linear 
distances  between  two  selected  points,  respectively.  The  user  must  first 
select  two  points.  This  may  be  performed  by  a  sequence  of  selectregion, 
selectslice,  slicemove,  selectpoint,  pointmove,  and  pointsave  commands. 

Assume  that  the  user  has  saved  two  points  and  has  named  them  PI  and  P2. 
The  user  may  then  issue  a 

surfacedist  PI  P2 

command  naming  the  points.  This  will  call  a  function  which  determines  the 
shortest  path  from  PI  to  P2  along  the  smface  of  the  body  points.  The  process 
produces  a  path  and  the  distance  from  PI  to  P2,  closely  approximating 
measurements  that  would  be  taken  using  a  tape  measure  on  a  real  person. 
"Lineardist  PI  P2"  performs  a  similar  fimction.  The  difference  is  that 
lineardist  takes  the  direct  distance  between  PI  and  P2,  without  measuring 
along  the  surface  of  the  body. 

It  should  be  noted  that  surfacedist  and  lineardist,  as  well  as  all  of  the 
other  commands  (selectregion,  selectslice,  etc.)  are  instructions  which  can 
be  interpreted  by  the  computer.  This  means  that  the  user  can  write 
programs  which  the  computer  can  interpret  and  execute  without  the  user 
having  to  point  and  click  a  mouse.  In  brief,  the  user  will  eventually  be  able  to 
enter  commands  such  as  "chest"  and  the  computer  will  automatically  find 
and  measure  the  chest,  or  "waist"  and  the  computer  will  automatically  find 
and  measure  the  waist,  or  "sleeve"  and  the  computer  will  automatically  find 
and  measure  the  surface  distance  from  the  center-back,  through  the  shoulder, 
through  the  elbow,  to  the  wrist.  The  ultimate  in  convenience  will  be  when 
the  user  is  able  to  issue  a  command  "all"  and  the  computer  takes  all  the 
different  programmed  measurements  the  user  wants  to  see. 

A  complete  description  of  these  functions  is  located  in  Appendix  C.  A  copy  of 
the  source  code  for  3DM  is  located  in  Appendix  D. 


Tracking  3D  body  scanning  technology 

On  December  22,  1992  Dr.  Nancy  Staples  visited  DMS  in  East  Rutherford, 

NJ  to  see  the  scanning  equipment  as  revised  through  [TC]^  and  to  discuss  the 
progress  in  the  development  of  the  software  to  run  the  scanner.  Dr.  Staples 
emphasized  that  the  CAR  project  team  needs  only  the  scanning  capability 
and  the  X,  Y,  Z  output  with  no  additional  software.  Apparently  there  are 
others  who  were  requiring  more  software  development  before  the  equipment 
was  ready  for  their  use.  Peter  Kuhlman  was  not  able  to  project  a  target  date 
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for  completion  of  the  camera-merging  software,  the  remaining  development 
needed  before  the  equipment  would  be  ready  for  CAR. 

The  project  team  continued  to  be  concerned  about  the  availability  of  the 
Dimensional  Measurement  Systems  3D  Body  Scanner.  The  original  two- 
camera  system  with  ten-percent  interpolation  in  each  180*^  would  have  been 
sufficient  for  this  project’s  needs.  Due  to  the  infusion  of  funds  into  DMS  for 
the  development  of  a  full-body,  minimal  interpolation  six-camera  system,  the 
two-camera  system  was  dismantled  and  parts  robbed  from  it.  The  six-camera 
prototype  was  not  complete  and  there  were  software  problems  which  have  yet 
to  be  solved.  DMS  sent  sample  files  to  the  CAR  team  to  enlist  our  help  in 
solving  the  problems,  but  the  data  were  incomplete.  As  a  result,  the  project 
team  began  again  investigating  alternative  vendors  for  body  scanning. 

On  March  12,  1993  Dr.  Nancy  Staples  and  Dr.  Roy  Pargas  made  a  trip  to 
Monterey,  California  to  visit  Cyberware,  Inc.  The  purpose  of  the  visit  was  to 
observe  the  3D  scanners  being  developed  at  the  company.  Cyberware  did  not 
yet  have  a  3D  full-body  scannner  but,  but  had  a  working  prototype  and  was 
confident  that  they  had  the  technology  to  build  one.  At  that  time,  the 
company  had  10  years  experience  developing  smaller  scanners,  such  as  head 
scanners  being  used  by  the  U.S.  Air  Force  to  do  research  on  helmets  and  leg 
scanners  being  used  by  medical  physicians  to  design  and  build  artificial 
limbs,  specifically  legs.  Cyberware  appeared  to  be  a  possible  candidate  for  a 
supplier  of  a  3D  full-body  scanner.  On  April  1  and  2,  Steve  Addleman,  Vice 
President  of  Cyberware,  visited  Clemson  Apparel  Research  to  see  our 
operation  and  to  discuss  further  the  possibility  of  our  collaboration. 

In  early  May  1993  the  remains  of  DMS,  now  defunct,  were  shipped  to 
Raleigh,  NC  where  [TC]^  took  over  the  development  of  the  product.  The  two 
programmers  previously  employed  by  DMS  in  NJ  moved  to  NC.  [TC]^ 
engineers  are  still  trying  to  fix  the  hardware  problems  while  the 
programmers  try  to  fix  the  software  problems.  This  equipment  was  not  ready 
in  time  for  the  CAR  3D  project  to  use  in  a  field  test. 

Because  of  the  status  of  the  former  DMS  scanner,  investigation  continued  for 
alternatives  (including  other  equipment  vendors  and  funds  for  lease  or 
pmchase).  The  project  team  submitted  a  proposal  for  equipment  purchase  to 
the  Defense  Experimental  Program  to  Stimulate  Competitive  Research. 
Notification  of  award  was  expected  by  Jvme  30,  1993.  The  request  was 
denied. 

On  May  17,  1993  Lon  Crosby  and  Guy  Grotke  of  Niomedloc,  developers  of  a 
3D  body  scanner  employing  biostereometrics,  visited  Clemson  Apparel 
Research  to  discuss  the  viability  of  their  product  for  the  3D  project. 
Biostereometrics  employs  a  technique  similar  to  what  is  used  in  cartography 
to  determine  the  x-,  y-,  z-location  of  points  defining  the  contour  of  the  body. 
Nximedloc  was  going  to  produce  a  prototype  to  the  CAR  team's  specifications 
and  demonstrate  it  in  mid  July.  The  date  was  postponed  imtil  mid  August, 
then  September.  At  that  time  it  was  to  be  determined  whether  their 
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eq\aipment  would  be  useful  within  a  few  weeks  or  if  it  would  be  at  least  three 
months  before  they  had  a  field-test-worthy  product.  A  preliminary  file  was 
received,  which  indicated  that  they  were  not  as  far  along  as  they  had  implied. 
If  the  data  had  looked  sufficient  for  the  project's  needs,  Dr.  Staples  and  Dr. 
Pargas  were  going  to  visit  the  laboratory  and  if  the  equipment  had  been 
approved  a  system  would  have  been  sent  to  Clemson  Apparel  Research  for 
experimentation  and  debugging  before  installation  at  Fort  Jackson.  Nothing 
further  was  heard  from  Numedloc  after  September  1993. 

The  search  for  a  suitable  scanner  continued.  No  company  had  yet  been  able 
to  provide  a  full-body  scanner  capable  of  generating  the  data  required  by  this 
project  and  at  a  cost  less  than  $170  thousand.  Discussions  continued, 
however,  between  the  principal  investigators  of  this  project  and  various 
scanner  development  groups.  It  was  deemed  possible  to  create  a  consortium 
of  interested  parties  who  would  pool  their  financial  resources  in  order  to  fund 
a  protot3q)e  from  a  company  with  a  known  history  of  product  development 
and  delivery. 

Preparations  were  made  for  an  early  February  1994  meeting  to  allow  two 
potential  scanning  device  companies  to  present  their  products  and  ideas  to 
Natick  anthropologists,  DLA's  Julie  Tsao,  and  representatives  of  two  major 
apparel  manufacturing  corporations.  The  meeting  was  to  include  the  vendor 
presentations  and  a  demonstration  of  the  Clemson  software  for  extracting 
body  measurements. 

On  February  4  a  group  was  gathered  at  Clemson  Apparel  Research  for  the 
purpose  of  introducing  3D,  non-contact  body  scanning  to  potential  users  of 
the  technology.  It  was  originally  intended  that  a  two-day  meeting  would  be 
held,  with  Cyberware  of  Monterey,  CA  presenting  on  February  3  and 
LaserDesign  of  Minneapolis,  MN  presenting  on  February  4.  However, 
Cyberware  dropped  out  in  late  January  and  the  agenda  was  consolidated  on 
February  4.  Pmticipants  included  representatives  of  two  major  U.S.  apparel 
manufacturers,  U.S.  Army  Natick  physical  anthropologists,  and  the  principal 
investigators  of  the  current  CAR/DLA  project.  The  DLA  was  not  represented. 

At  the  conclusion  of  the  day  the  groimdwork  had  been  laid  for  forming  a 
consortium  whereby  the  potential  users  would  contribute  fimds  to  a  project  in 
which  each  participant  would  receive  a  scanner  from  LaserDesign  and 
software  from  Clemson.  A  proposal  was  drafted  for  review  in  late  April, 
followed  by  presentations  to  be  made  to  corporate  decision  makers  in  May. 
Upon  commitment  of  fimding,  each  participant  would  receive  a  scanner  from 
LaserDesign  in  approximately  six  months  (preceded  by  the  alpha  testing  of 
the  initial  protot3q)e  by  Clemson)  and  two  years  access  to  Clemson  software 
development  (to  customize  the  usefulness  of  the  output  to  the  participant).  It 
was  hoped  that  the  existence  of  this  consortium  would  provide  the  impetus 
for  this  project  to  acquire  a  scanner  for  completion  of  the  project's  work. 

A  proposal  was  developed  with  the  CAR  team  as  subcontractor  for  providing 
a  measurement  extraction  module  for  LaserDesign's  DataSculpt  product. 
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The  proposal  and  a  video  tape  with  computer  graphics  of  the  proposed 
scanner  were  sent  by  LaserDesign  to  the  apparel  manufacturing  participants 
in  the  February  meeting  at  CAR  as  well  as  to  potential  consortium  members 
in  apparel  retail,  health  care,  and  fitness.  Visits  were  made  to  interested 
companies  in  late  April  with  the  goal  of  acquiring  funds  to  speed  the 
availability  of  a  field-test-worthy  scanner.  On  April  18  a  presentation  was 
given  to  a  gathering  at  VF  Corporation  Information  Technologies  Services  in 
Greensboro,  NC.  On  April  20  a  demonstration  was  given  to  product 
development  and  management  representatives  of  Russell  Corporation  in 
Alexander  City,  AL.  The  software  for  extracting  measixrements  from  a  3D, 
non-contact  body  scan  was  demonstrated  by  Dr.  Pargas  and  Dr.  Staples  and 
information  about  the  Laser  Design  scanner  was  presented  by  Marty 
Schuster.  A  third  company  cancelled  their  appointment  a  week  before  their 
scheduled  date. 

Unfortunately  the  enthusiasm  of  February  did  not  carry  over  to  April.  None 
of  the  companies  approached  was  willing  to  commit  funds  until  the 
development  work  was  completed. 

At  the  close  of  this  DLA  project.  Cyberware  of  Monterey,  CA  and  Laser 
Design  of  Minneapolis,  MN  appear  to  be  the  top  contenders  for  producing  the 
first  useful  full-body  scanners  in  the  United  States.  A  Cyberware  newsletter 
states  that  demonstrations  will  be  given  in  Monterey,  CA  in  fall  1994  with 
deliveries  to  begin  in  early  1995.  Laser  Design  plans  to  have  a  prototype 
ready  by  late  September  1994  with  deliveries  to  begin  three  months  later. 


Fact  Finding  Visit  to  Wright  Patterson  Air  Force  Base 

On  April  13,  1994  Dr.  Pargas  and  Dr.  Staples  visited  the  Armstrong  Center 
at  Wright  Patterson  Air  Force  Base.  Discussions  were  held  with  Kathy 
Robinette  and  her  staff  concerning  their  work  in  headgear  development  using 
Cyberware  scarming.  A  video  tape  of  the  CAR  measurement  extraction 
software  was  shown  to  the  Armstrong  Center  staff  and  to  a  group  of  visitors 
from  the  University  of  Surrey,  UK  (developers  of  a  laser-based  head  scanning 
system  in  the  UK).  Kathy  Robinette  suggested  that  Dr.  Pargas  and  Dr. 
Staples  visit  in  England  with  the  Surry  group,  with  Peter  Jones  at  the 
University  of  Loughborough  (developer  of  Loughborough  Apparel  Scanning 
System — LASS),  and  with  Marks  and  Spencer  (retailer  with  whom  Peter 
Jones  collaborated  on  a  scanning  project).  Dennis  Burnsides,  contractor  with 
the  Air  Force,  employed  by  Systronics,  Inc.  was  most  interested  in  using 
Clemson's  method  for  finding  the  shortest  path  of  a  surface  distance  on  a 
body  scan.  CAR  and  the  Armstrong  Center  will  continue  to  keep  each  other 
informed  of  progress  in  their  respective  projects. 

Investigation  of  British  Scanning  Devices 

Initial  plans  were  made  to  investigate  scanning  devices  and  software  in  Great 
Britain.  The  purpose  of  this  investigation  was  twofold:  to  gather  information 
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regarding  the  current  state  of  research  efforts  in  the  area  of  hviman,  full- 
body,  3D,  non-contact  scanning  in  Great  Britain  and  to  determine  whether 
any  of  the  scanning  devices  there  could  use  Clemson's  measurement 
extraction  software.  This  effort  had  been  encouraged  by  both  Kathleen 
Robinette  at  Wright  Patterson  Air  Force  Base  and  Steve  Pacquette  at  U.S. 
Army  Natick. 

Through  Robinette,  Pacquette,  and  letters  of  inquiry  to  the  CAR  team  from 
researchers  in  Great  Britain,  it  was  determined  that  three  groups  would  be 
worth  investigating.  The  National  Engineering  Laboratory  in  Glasgow  was 
developing  a  moire-fringe  topography-based  system  for  the  Defence  Clothing 
and  Textiles  Authority.  Also  involved  in  this  project  was  the  Stores  and 
Clothing  Research  and  Develpment  Establishment.  A  second  research  effort 
was  being  conducted  by  the  University  of  Surrey.  The  scanning  system  used 
in  this  project  was  provided  to  the  University  of  Surrey  by  the  University 
College  Hospital  (London)  and  was  a  laser-based  system  used  to  scan  hximan 
heads.  A  third  research  effort  was  developing  a  scanning  system,  also  laser- 
based,  at  the  University  of  Loughborough. 

The  specific  persons  and  places  that  the  CAR  team  would  like  to  have  visited 
are: 

1.  Sarah  Cross,  Defence  Clothing  and  Textiles  Authority,  Colchester, 
Essex; 

2.  Stephen  Cole  and  Jane  Aspden,  Stores  and  Clothing  Research  and 
Development  Establishment,  Colchester,  Essex; 

3.  Maurice  McKenna  and  Stephen  Marshall,  National  Engineering 
Laboratory,  Glasgow,  Scotland; 

4.  Adrian  Huggins,  Department  of  Mechanical  Engineering,  University 
of  Sxirrey,  Guildford,  Siirrey; 

5.  Peter  Jones,  University  of  Loughborough,  Loughborough. 

At  the  end  of  May  1994  it  was  decided  that  current  conditions  were 
unfavorable  for  receiving  permission  for  an  on-site  investigation  of  UK 
scanning  devices. 


Automation  of  Armed  Forces  Measurement  Blank 

Don  O'Brien  of  the  Defense  Logistics  Agency  suggested  that  the  project  team 
might  consider  automating  the  Armed  Forces  Measurement  Blank,  which  is 
used  to  handle  people  who  cannot  be  fitted  with  one  of  the  standard  sizes. 
There  are  two  versions,  DD  Form  358  (special  sized  clothing  for  men)  and  DD 
Form  1111  (special  sized  clothing  for  women).  At  the  time  of  O’Brien's  request 
these  forms  were  completed  manually  and  sent  by  FAX  to  the  Defense 
Personnel  Supply  Center  (DPSC).  The  team  accepted  this  assignment  and 
worked  on  a  protot3q)e  software  system.  The  first  step  was  to  determine  the 
proper  format  of  the  data  items  to  be  entered  on  the  form  and  find  out  the 
ranges  of  acceptable  values.  Lonnie  Tiirner,  Chief  of  the  Clothing  Issue 
Facility  at  Fort  Jackson,  SC,  provided  some  information  about  the  data  items. 
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The  procedxires  being  conducted  by  DPSC  at  the  time  were  observed  in  early 
October  1992,  so  that  they  could  be  incorporated  in  the  software. 

The  requirements  for  the  prototype  system  were  as  follows.  The  system  should 
allow  data  to  be  entered  interactively,  with  prompts  for  each  data  item  and  an 
error  message  if  something  invalid  is  entered.  Initially  the  check  for  validity 
would  be  limited  to  checking  format  and  numerical  ranges  of  individual  data 
items;  there  would  not  be  a  check  of  whether  the  person  described  by  the 
measurements  could  be  fitted  with  a  standard  size  imiform  (although  this 
could  probably  be  accomplished  in  a  future  version;  if  DPSC  can  provide  an 
algorithm  for  this  cheek  it  can  be  automated  earlier).  After  being  entered,  the 
data  are  stored  in  a  dBase  IV  file. 

After  the  initial  prototype  was  tested  for  feasibility,  the  project  was  to 
investigate  a  means  of  electrically  transmitting  the  data  to  the  DPSC.  At  the 
Bobbin  Show  1992,  the  team  met  with  Jim  Della  Polla  and  Tom  Balderstone  of 
the  DPSC  to  discuss  possibilities.  Tom  agreed  to  serve  as  the  point  of  contact  for 
this  project.  He  indicated  that  alternatives  for  receiving  data  included  electronic 
mail  and  telephone  (via  modem). 

The  project  also  investigated  the  possibility  of  providing  software  to  allow 
DPSC  to  send  the  data  electrically  to  a  CAD  alterations  package,  which 
DPSC  hoped  to  install.  With  appropriate  organization  of  the  data,  the  CAD 
system  would  be  able  to  receive  computer-generated  body  measurements  and 
then  automatically  accomplish  the  appropriate  alterations  to  a  standard 
pattern  (the  “blue  pencil”  step),  and  finally  could  direct  the  operation  of  a 
numerically-controlled  cutter.  In  this  way  all  the  steps  from  gathering  the 
size  data  to  the  cutting  could  be  handled  with  electronic  data  interchange. 

Also  at  the  Bobbin  Show,  members  of  the  project  team  met  with 
representatives  of  Gerber,  Inc.  to  discuss  this  part  of  the  project.  Gerber 
agreed  to  send  the  project  team  the  documentation  for  the  interface  to  their 
alterations  package.  With  this  documentation  in  hand,  the  team  could 
determine  what  would  be  required  to  convert  the  data  from  the  clothing  form 
to  the  proper  format  for  the  alterations  package. 

During  September  1992  a  rough  prototype  of  the  interactive  data  entry 
portion  of  the  system  for  DD  Form  358  was  developed.  On  October  1,  1992 
Dr.  Staples  visited  English  American  in  Fredricksburg,  MD  to  see  how  they 
had  incorporated  individuals’  special  measurements,  provided  by  field 
representatives,  directly  into  their  AM5  CAD  system  for  the  generation  of 
made-to-measure  patterns.  This  was  in  preparation  for  the  linkage  to  be 
made  between  the  automated  armed  forces  measurement  blank  and  the  CAD 
system  being  purchased  by  the  factory  at  DPSC.  On  October  2,  Dr.  Staples 
visited  the  factory  at  DPSC  to  discuss  the  specific  needs  of  the  automated 
armed  forces  measurement  blank  and  to  observe  the  process  then  being  used 
to  handle  special  measurements  orders.  This  was  to  aid  in  the  development 
of  the  automated  form  and  to  prepare  for  the  automation  of  the  entire  process 
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when  the  new  CAD  system  was  in  place.  Contact  persons  were  Colonel  Bill 
Meadows,  Jim  Della  Polla,  and  Clarence  Robinson. 

During  October  the  prototype  data-entry  program  for  DD  Form  358  (special¬ 
sized  clothing  for  men)  was  improved.  The  data-entry  screen  then  bore 
greater  resemblance  to  the  layout  of  DD  Form  358.  Boxes  on  the  screen 
corresponded  to  those  on  the  form. 


To  facilitate  data  entry,  the  system  used  the  following  codes: 

DESCRIBE  SHOULDERS: 

S  -  Long  Neck 
R  -  Regular  Neck 
Q  -  Medium  Neck 
H  -  Short  neck 

DESCRIBE  POSTURE: 

N  -  Normal 
E  -  Erect 

F  -  Forward  or  Stooped 
H  -  Half  Stout 
S  -  Stout 
C  -  Corpulent 

To  help  prevent  data-entry  errors,  the  data-entry  program  should  employ 
range  checks  for  selected  fields.  The  following  proposed  ranges  were  based  on 
data  obtained  from  Fort  Jackson. 


1. 

Height: 

58  to 

80 

2. 

Weight: 

95  to 

255 

3. 

Sleeve  length: 

25  to 

40 

4. 

Waist: 

23  to 

48 

5. 

Seat: 

30  to 

50 

6. 

Breast: 

30  to 

50 

7. 

Head: 

19  to 

25 

Sarat  Vemuri  located  what  appeared  to  be  an  appropriate  software  package 
for  accomplishing  data  transfer:  Telemate.  Since  it  was  “shareware,"  it  could 
be  used  free  for  30  days  on  a  trial  basis. 

The  research  team  established  contact  with  Mr.  Clarence  Robinson  at  DPSC, 
who  agreed  to  provide  guidance  on  this  project.  The  next  steps  were  to  get 
his  advice  on  the  prototype  data-entry  system,  and  to  test  transfer  of  a  file 
from  Clemson  Apparel  Research  to  DPSC.  A  sample  of  the  software  was  sent 
to  DPSC  and  a  time  for  the  test  was  to  be  set  up  shortly  afterwards. 
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The  team  awaited  feedback  from  DPSC  on  the  prototype  system.  After 
making  any  revisions  specified  by  DPSC,  the  next  step  would  have  been  to 
test  the  transfer  of  a  file  from  Clemson  Apparel  Research  to  DPSC,  then  the 
system  would  be  ready  to  test  at  Fort  Jackson,  SC  to  get  feedback  from  the 
CUP.  The  input  from  DPSC  was  prerequisite  for  further  progress  on  this 
part  of  the  project. 

Members  of  the  project  team  talked  to  Mr.  Jim  Della  Polla  of  DPSC  at  the 
February  1993  Academic  Apparel  Research  Conference.  He  expressed 
continued  interest  in  achieving  progress  on  this  part  of  the  project,  and 
indicated  that  Sean  KeUy  would  act  as  the  new  point  of  contact.  Since  the 
conference  Mr.  Kelly  contacted  members  of  our  project.  He  received  the 
materials  the  CAR  team  sent  to  DPSC,  and  was  to  evaluate  the  prototype 
system  and  provide  suggestions.  Nothing  was  ever  heard  in  return.  Later 
the  annoimcement  was  made  that  the  DPSC  factory  would  be  closed  and  it 
was  assumed  that  the  project  was  terminated. 


Presentations,  demonstrations,  and  related  activities 

There  have  been  numerous  occasions  for  the  demonstration  of  software 
developed  through  this  project.  These  include  the  following: 

1993  Academic  Apparel  Research  Conference 

A  paper  summarizing  the  results  of  the  project  to  date  and  describing 
the  current  status  of  this  project  was  submitted  for  review  and 
accepted  for  presentation  at  the  4th  Annual  Academic  Apparel 
Research  Conference  held  on  Februaiy  8  in  Raleigh,  NC.  The  project 
team  prepared  a  presentation  consisting  of  an  introduction  to  the 
problem  area,  an  explanation  of  the  case-based-reasoning  approach, 
and  a  summary  of  the  work  to  incorporate  measurements  from  a  3D 
scanner.  It  included  a  demonstration  of  computer  programs  which 
display  a  three-dimensional  figure  and  allow  taking  measurements 
including  circumference,  point-to-point,  radial,  and  mialtiple  point.  As 
a  part  of  this  preparation,  a  video  tape  of  the  3D  software  running  on  a 
SUN  workstation  was  prepared.  It  was  presented  at  the  conference 
and  demonstrated  how  the  software  would  be  used.  The  video  also 
showed  that  measiorements  could  be  taken  rather  quickly  when  the 
software  runs  on  the  workstation.  In  addition,  a  PC  was  set  up  at  the 
conference  to  demonstrate  the  software  running  live.  The  PC  version 
does,  of  course,  run  more  slowly  than  the  SUN  version,  reflecting  the 
relative  power  of  the  processors  in  each. 


Naval  and  Marine  Corps  Reserve  Officers 

A  demonstration  of  the  3D  software  was  made  on  March  17, 1993  to 
reserve  officers  of  the  Naval  and  Marine  Corps  Reserve  Center.  The 
group  was  headed  by  Ed  Hill,  CDR,  SC,  USNR.  The  group  was 
particularly  interested  in  learning  how  the  3D  scanning  devices  and 
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software  available  could  help  them  develop  a  system  for  maintaining  a 
database  of  lasts,  i.e.,  models  of  human  feet.  Their  current  system 
maintains  a  large  inventory  of  models  made  of  wood,  some  of  which  date 
back  to  the  Civil  War.  The  objective  is  to  develop  a  more  efficient 
database  on  a  computer  so  that  lasts  may  be  produced  on  demand  but  the 
data  may  be  stored  much  more  compactly  on  computer  disk.  The  officers 
planned  to  include  much  of  what  they  learned,  including  the  names  and 
addresses  of  two  potential  vendors  of  3D  scanning  equipment,  in  a  survey 
report. 


AMTEX 

On  April  21,  1993  Dr.  Staples  presented  a  demonstration  of  the  3D 
software  to  Department  of  Energy  National  Labs  representatives  at 
the  AMTEX  meeting  held  at  Clemson  Apparel  Research.  The 
attendees  will  be  involved  in  applying  the  technological  expertise  of  the 
labs  to  the  textile/apparel  industry  through  the  AMTEX  partnership. 
The  meeting  at  Clemson  was  a  part  of  the  process  of  educating  the  labs 
about  the  functioning  of  the  apparel  industry  and  about  current 
research  in  the  field. 


German  Students 

On  May  4,  1993  Dr.  Staples  presented  a  demonstration  of  the  3D 
software  to  a  total  of  thirty  faculty  members  and  students  from  the 
University  of  Essen,  Germany.  The  students  were  at  Clemson  as  a 
part  of  an  exchange  involving  Dr.  Jack  Kanet,  Clemson  Management 
professor  and  participant  in  CAR  DLA  projects. 


Apparel  Manufacturers 

Separate  demonstrations  of  the  3D  software  were  presented  jointly  by 
Dr.  Pargas  and  Dr.  Staples  to  two  major  apparel  manufacturers  who 
had  interest  in  the  application  of  3D  non-contact  body  scanning  to  their 
gaining  and  maintaining  market  share.  A  white  paper  was  prepared 
for  one  manufacturer,  but  no  funds  were  committed.  Both  companies 
have  stayed  in  contact  for  developments  in  the  3D  project  at  CAR. 


Videotape  demonstration 

A  video  of  the  current  status  of  the  3D  project  was  made  by  American 
Imagemakers  in  fall  1993.  The  purpose  was  to  incorporate  the  3D 
project  in  an  updated  version  of  a  video  describing  projects  being 
conducted  at  CAR.  The  principal  investigators  of  the  3D  project  were 
interviewed  and  video  clips  of  the  software  running  on  a  SUN 
workstation  were  taken. 


DLA  review  team 
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On  April  19,  1994  a  presentation  was  made  at  the  Clemson  Computer 
Science  Department  to  the  DLA  team  reviewing  Clemson  Apparel 
Research  as  a  future  demonstration  site.  The  software  demonstrated 
how  a  user  could  manually  take  measurements  off  of  a  3D  image  of  a 
person.  The  software  also  showed  how  the  user  could  write  and  nm 
small  programs  that  will  ultimately  take  measurements  automatically 
off  of  a  3D  image.  This  latter  capability  will  allow  measurements  to  be 
taken  from  large  numbers  of  images,  such  as  would  be  obtained  from 
the  recruit  center  at  Fort  Jackson,  SC. 


Tour  demonstrations 

Many  visitors  to  CAR  who  expressed  interest  in  the  3D  software  were 
offered  the  opportunity  to  see  a  demonstration. 


Bobbin  Show  Demonstration  Software 

In  preparation  for  the  1993  Bobbin  Show,  a  PC  version  of  the  software, 
including  the  interpreter  language,  was  created.  Many  problems  had 
to  be  solved  before  the  software  could  be  ported  from  a  SUN 
Workstation  to  a  PC.  These  included  (1)  the  fact  that  the  amount  of 
memory  that  a  program  could  use  under  DOS  was  severely  limited,  (2) 
incompatibilities  in  the  C  and  C++  compilers  used  on  the  SUN  and  PC 
platforms,  (3)  the  difference  in  the  processing  speeds  of  the  SPARC 
processor  (running  on  the  SUN)  and  the  Intel  processor  (running  on 
the  PC),  and  (4)  the  inadequacy  of  the  graphics  library  available  for  the 
PC.  The  effort  expended  in  the  conversion  of  the  software  should  have 
been  slight  but  turned  out  to  be  quite  large,  close  to  one  man-month. 
The  software  was  developed  in  time,  however,  and  the  result  was  a 
software  demonstration  package  that  was  available  for  the  1993 
Bobbin  Show.  The  software,  shown  to  visitors  at  the  CAR  Booth, 
included  a  demonstration  of  the  command  interpreter  which  allows  the 
user  to  issue  commands  such  as  "selectregion,  selectslice, 
slicemove,  slicesave,  selectpoint,  pointmove,  most,  front, 
surfacedist,  and  lineardist". 


Request  for  measurement  extraction  software  application 

On  March  16,  1994  Jud  Early  of  [TC^]  met  with  Dr.  Staples  and  Dr. 
Pargas  concerning  a  measurement  extraction  module  for  their  scanner 
currently  xmder  development.  A  list  of  tasks  which  could  be  begim 
immediately  was  sent  to  Jud  on  March  23.  At  the  close  of  this  DLA 
project  the  team  had  been  kept  up-to-date  on  the  continmng  problems 
in  refining  the  [TC^]  scanner  (they  are  are  still  having  difficulty  with 
the  jump-order  problem  and  cannot  make  unambiguous  data  sets). 

The  team  awaited  word  on  potential  collaboration  -svith  [TC^]  in  the  use 
of  CAR's  measurement  extraction  software. 
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Accomplishments 

An  operational  expert  system 

This  project  developed  an  expert  system  which  provides  a  sound 
framework  for  predicting  garment  sizes.  Since  it  is  case-based,  it  really 
cannot  fail  to  predict  successfully  if  it  is  supplied  with  a  sufficient  number 
of  valid  cases  which  contain  a  sufficient  number  of  measurements  to 
predict  garment  sizes.  Stated  another  way,  if  all  measurements  and 
garment  size  labels  are  accurate  there  are  only  two  possible  reasons  for 
the  system  to  make  a  wrong  prediction:  (1)  there  may  be  no  previous  case 
which  has  body  measiirements  similar  to  the  soldier  being  fitted,  or  (2) 
there  may  be  no  agreement  on  sizes  among  a  ntimber  of  cases  which 
match  the  soldier  being  fitted.  In  the  former  instance  there  are  em 
insufficient  number  of  cases  in  the  system,  and  in  the  latter  case  the 
measurements  are  not  sufficient  to  predict  sizes.  In  the  latter  case  some 
additional  measurement(s)  could  distinguish  among  the  soldiers'  bodies 
and  help  determine  the  proper  sizes. 


Demonstration  of  expert  system  feasibility 

Operational  tests  at  Fort  Jackson  proved  the  feasibility  of  employing  an 
expert  system  in  the  clothing  issue  facility  environment.  Rxmning  on  an 
ordinary  IBM -compatible  personal  computer,  the  expert  system  predicts 
clothing  sizes  fast  enough  to  handle  soldiers  without  delaying  clothing 
issue.  Two  computers  may  be  required  to  handle  the  workload  if 
measurements  are  manually  called  out  and  then  entered  in  the  computer 
as  they  were  during  operational  tests,  but  one  would  probably  be 
sufficient  if  a  3D  scanner  were  employed.  Measurements  would  be 
automatically  sent  from  the  scanner  to  the  computer.  If  a  3D  scanner- 
equipped  system  predicted  with  greater  accuracy  than  human  fitters,  as 
expected,  it  would  actually  decrease  overall  time  for  clothing  issue  by 
reducing  the  number  of  try-ons. 


Development  of  measurement  extraction  algorithms  and  command  language 
The  original  research  plan  included  the  development  of  interactive 
measurement  extraction  software.  Due  to  the  lack  of  availability  of  a  3D 
scanning  device  for  field  testing,  more  time  was  devoted  to  software 
development  than  originally  planned  and,  in  addition  to  the  interactive 
tools,  a  language,  ready  for  building  automation  macros,  was  developed. 

This  project  accomplished  much  of  the  work  necessary  to  integrate  a  3D 
body  scanner  and  size  prediction  expert  system  into  the  uniform-issuing 
process  of  a  CUP  such  as  the  one  at  Fort  Jackson.  The  missing  link 
remained  the  3D  full-body  scanner.  The  addition  of  a  scanner  would  take 
care  of  the  aforementioned  need  for  accurately  taking  a  sufficient  number 
of  measurements  for  each  case.  The  scanner  would  quickly  capture  a  3D 
body  image.  The  project-produced  software,  which  converts  scanner 
output  (a  file  of  X-,  y-,  z-points)  to  specific  body  measurements  would 
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provide  the  data  necessary  (stored  cases  of  measurements)  for  the  size 
prediction  software  to  determine  the  sizes  to  be  tried  on  for  issue. 


Stimulation  of  industry  and  government  initiatives 

At  the  start  of  this  project  there  was  very  little  activity  or  interest  among 
sewn  products  manufacturers  in  3D  body  scanning  and  its  applications. 
Work  on  this  project  stimulated  interest  in,  promoted  discussion  of,  and 
increased  visibility  for  the  concept  of  3D  body  scanning  as  applied  to  size 
prediction,  made-to-measure  using  existing  CAD  technologies,  and  future 
directions  in  custom  pattern  building  in  3D  computer  space.  By  the  close 
of  the  project  in  Jime  1994  what  had  seemed  a  "lunatic  fnnge"  idea  when 
it  was  first  suggested  as  a  potential  project  in  the  fall  1990  had  become 
the  assumed  direction  for  future  research  in  apparel.  The  question  had 
become  "When?"  not  "If?" 


Stimulation  of  academic  initiatives 

As  an  outgrowth  of  this  project,  two  students  at  Clemson  University  and 
one  at  the  University  of  North  Carolina  at  Greensboro  performed  research 
projects  for  which  papers  were  submitted  in  partial  fulfillment  of  the 
requirements  necessary  to  complete  masters'  degrees.  Sarat  Vemuri 
(Clemson)  focused  on  the  development  of  the  expert  system  in  "Case- 
Based  Reasoning  Applied  to  Uniform  Size  Prediction"  (Appendix  A).  Vinit 
Jindal  (Clemson)  studied  the  learning  curve  of  the  case-based  reasoning 
software  in  "Investigation  of  Learning  in  a  Case-Based  Reasoning  System" 
(Appendix  B).  In  cooperation  with  Dr.  Staples,  Audra  Knight  (UNC-G) 
determined  the  feasibility  of  retail  applications  of  body  scanning  and  size 
prediction  in  "The  Market  Feasibility  of  Body  Scanning  and  Size 
Prediction  Technologies  at  Retail"  (Appendix  E).  In  addition,  three 
students  at  Clemson  completed  research  projects  as  a  part  of  the 
requirements  of  the  graduate  course  MGT818,  Management  Support 
Systems:  Dan  Elias,  Peter  Kartawidjaja,  and  Raktim  Sen  (Appendix  F). 
Also,  four  students  at  Clemson  in  the  department  of  Computer  Science 
were  supported  as  graduate  research  assistants  as  a  part  of  this  project: 
Shan  Jiang,  Jasbir  Menotra,  Murali  Earagolla,  and  Prahladkumar  Yerra. 


Technical  papers  submitted  to  national  juried  journals 

Two  technical  papers  were  submitted  by  the  Principal  Investigators  to 
national  juried  journals  for  review.  "Automatic  Measurement  Extraction 
for  Apparel  from  a  3D  Body  Scan"  was  submitted  to  the  Journal  of  Optics 
and  Lasers  in  Engineering  (Appendix  G).  "Predicting  Garment  Sizes  with 
Case-Based  Reasoning"  was  submitted  to  the  IEEE  (Institute  for 
Electrical  and  Electronics  Engineers)  Expert  (Appendix  H). 
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Newspaper  publicity  and  trade  publication  articles 

On  June  3,  1993  the  Greenville  (SC)  News  published  an  article  about  the 
3D  project  at  Clemson  Apparel  Research  (Appendix  D.  This  was  as  a 
result  of  the  support  indicated  by  the  Clemson  University  Research 
Foundation  in  their  approval  of  funds  to  assist  in  the  acquisition  of  a  3D 
body  scanner  (when  available)  for  the  CAR  team.  The  August  1994 
Annarel  Industry  Magazine  featured  an  article  on  the  work  of  Audra 
Knight  (UNC-G  graduate  student)  on  the  market  feasibility  of  body 
scanning  and  size  prediction  (Appendix  J).  The  October  1994  Apparel 
Industry  Magazine  featured  an  article  by  the  Principal  Investigators 
alerting  the  sewn  products  industry  to  the  work  they  must  do  to  prepare 
for  the  practical  use  of  body  scanning  devices  for  size  prediction  and 
pattern  development  (Appendix  K). 


Additional  Supportive  Materials 

Contract  Data  Requirements  Lists  (CDRLs)  for  the  size  prediction  portion  of 
this  project  can  be  foimd  in  Appendix  L.  Contract  Data  Requirements  Lists 
(CDRLs)  for  the  measurement  extraction  portion  of  this  project  can  be  found 
in  Appendix  M. 
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Chapter  1 


Introduction 


This  paper  describes  the  design  and  implementation  of  an  Army  Uniform  Size  P^^^mti 
system  Uniforms  issued  at  US  Army  Clothing  Initial  Issue  Point  are  not  tailored  for 
individual.  Instead  each  soldier  tries  on  one  or  more  sizes  from  a  set  of  standard  sizes. 
These  sizes  to  be  tried  on  are  predicted  by  fitting  experts  based  on  body  measurements  and 
LdTh^cl  From  the  sizes  tried  on,  a  size  that  closely  fits  is  selected.  The  close  fitting  size 

is  then  altered  if  necessary  to  fit  the  soldier. 

The  aim  of  the  project  is  to  reduce  the  total  time  taken  for  the  prediction  procedure  and 
also  to  keep  the  cost  of  alteration  to  a  minimum  by  selecting  a  closest  fitting  size.  There  are 
two  parts  to  this  project.  One  is  taking  measurements  automaticaUy  by  using  a  mac  me 
and  the  other  is  predicting  size  based  on  those  measurements.  This  paper  is  about  the  later 

part  of  the  project. 

The  lelomatic  measurement  taking  system  is  still  under  development.  So  the  predictior. 
system  accepts  iiianuaUy  taken  measurements  from  user  throngh  auser  interface 
under  Microsoft  Windows.  Then  the  measurements  ate  vaLdated  and  are  fed 
prediction  engine.  The  prediction  nught  lake  from  10  sec  to  a  minute.  Results  obtained 
from  the  prediction  engine  are  again  displayed  with  an  option  to  print. 

The  prediction  engine  is  based  on  Case  Based  Reasoniag(CBR).  CBR  is 

probLm  solving  in  which  a  solution  for  the  problem  at  hand  is  adopted  from  the  solutions 

of  similar  problems  solved  successfully  in  the  past.  It  is  very  smidar  to  a^n  expert  making 

decisions  based  on  his  past  experience.  This  type  of  approach  is  ^ 

fields  with  repeating  patterns  of  problems.  The  CBR  approach  was  selected  for  this  problem 
because  it  only  needs  raw  data  and  requires  no  special  knowledge  engineering.  In  a  field 
Uke  uniform  size  prediction,  where  there  are  no  weU  estabUshed  “rules”  or  selecting  cri  ena, 
and  where  the  experts  work  by  “intuition”  rather  than  by  using  estabbshed  set  of  rules, 
this  approach  not  only  is  attractive  but  weU  might  be  the  only  way  to  go. 

CBR  algorithms  are  widely  used  by  statisticians.  Their  use  in  knowledge  engineering  hasn’t 
gained  popularity  because  of  the  high  computing  power  required  to  apply  them  to  a  large. 
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set  of  data.  Ilocoiil  advance, ..ants  in  boll,  CUIl  and  co,„|>.iter  technology  have  reduced 
this  problen,.  Many  co.n.nercial  tools  are  available  to  build  ar.d  .narriprdate  knowledge  baj 
nsing  CBR.  ReMind  from  (.'ognitive  Systems  Inc.  is  one  of  the,,,.  ReMrnd  contarns  an 
interactive  develo|nuent  sl,ell  for  building  a  knowledge  base  and  a  (,  bbrarv  to  rnanrpulale 
that  knowledge  base. 

This  project  focuses  on  applying  available  CBR  techniques  and  tools  to  the  problem  rather 
than  developing  them.  It  wiU  produce  one  of  the  first  CBR  applications  intende  or  com- 

iiiercial  use. 

A  large  set  of  data  consisting  of  body  measurements  and  sizes  assigned  by  human  fitting 
experts  corresponding  to  those  sizes  was  coUected  from  Fort  Jackson  SC  Army  base.  ReMind 
interactive  shell  was  used  to  organize  and  index  that  data  and  to  develop  a  knowledge  base. 
C  programs  that  work  on  that  knowledge  base  were  written.  Those  C  programs  also  present 
the  data  to  the  user  in  a  consistent  manner  by  using  the  Microsoft  Windows  graphical  user 
interface  Given  Height  (in  inches),  Weight  (in  lbs),  Neck,  Chest,  Waist,  Hips  and  S  eeve 
^tTncL),  the  systmn  wiU  predict  Short  Sleeve^Sd.irt  Sire  ( ('f  ^  ,■ 

Shirt  Size  (12.5  25  -  IX. 5  45),  Trouser  Size  (25XS  -  45XL),  Green  (.oat  Size  (2.)  S  ^  ^  ) 

and  Black  Coat  Size  (25XS  -  50  XL).  Long  Sleeve  Shirt  Size  has  two  components.  One  is 
the  shirt  size  and  other  is  the  sleeve  length.  Trouser  Size,  Green  Coat  Size  and  Black  CcOat 
Size  have  Size  and  Length  as  their  components. 

The  Rest  of  this  paper  is  organized  as  foUows.  Chapter  2  gives  an  overview  of  Case  Based 
Reasoning  and  its  use  in  this  project.  Chapter  3  explains  the  ReMind  rnleract.ve  develop¬ 
ment  sheU  and  how  the  knowledge  base  is  built  nsing  that  shell.  Chapter  4  describes  the 
C  program  that  manipulates  the  knowledge  base  and  handles  the  user  interface.  Chapter  i 
gives  the  conclusions  and  possible  future  work. 
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Chapter  2 

Case  Based  Reasoning 


It  is  known  that  humans  rely  on  past  experiences  to  make  decisions.  It  seems  natural  to 
adapt  the  same  strategy  to  solve  problems  using  computers.  Such  strategy  is  called  Case 
Based  Reasoning.  A  cose  is  a  set  of  attributes  that  describes  the.  problem  and  its  solution. 
In  CBR,  the  computer  uses  relevant  stored  or  “remembered”  cases  to  solve  a  new  problem 
case.  Instead  of  following  an  algorithmic  approach  to  solve  a  problem,  a  case  based  reasoner 
wiU  obtain  a  case  of  similar  problem  that  has  been  solved  successfuUy  in  the  past  and  adapt 
the  solution  to  the  existing  problem.  After  validating  this  solution  and  fine  tuning  it,  this 
new  solution  is  again  stored  and  becomes  one  of  the  “remembered”  cases,  thus  acquiring 
new  knowledge.  This  cycle  can  continue  forever  in  fields  with  widely  varying  problems,  or 
it  can  be  stopped  after  the  knowledge  base  is  sufficient  to  handle  any  new  case  without 
adaptation.  This  method  of  applying  CBR  is  caUed  a  problem  solving  CBR.  CBR  can 
also  be  used  to  analyze  the  problem  case  by  comparing  it  with  similar  previous  cases  as 
in  legal  or  medical  precedents.  A  solution  can  not  be  derived  from  previous  cases,  but  a 
pro/con  report  can  be  generated  for  each  attribute  of  the  problem  case.  This  method  is 
called  interpretive  CBR.  The  size  prediction  project  uses  problem  solving  CBR. 

Advantages  of  the  CBR  are  many.  The  main  advantage  pertaining  to  this  project  is  that 
acquiring  the  knowledge  base  or  “learning”  can  be  fairly  un-complicated.  Much  of  the 
knowledge  needed  is  in  the  form  of  “cases”.  Thus  no  special  knowledge  engineering  is 
required.  The  other  advantages  are,  ease  of  generating  explanations,  ability  to  see  and 
avoid  past  mistakes,  capability  of  focusing  in  on  the  most  important  parts  of  the  problem 
first  etc. 

The  steps  needed  for  a  successful  Case  based  reasoning  system  are:  acquiring  and  storing  a 
large  knowledge  base,  organizing  or  indexing  the  knowledge  base  for  easy  retrieval,  retrieving 
relevant  cases  quickly,  adapting  the  retried  case  for  the  problem  case  and  updating  the 
knowledge  base  with  the  new  case.  The  following  sections  explains  the  process  in  detail. 
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2.1  Obtaining  the  memory:  Storing  past  cases 

The  perforuiaiice  of  a  CBR  system  depends  on  Us  knowledge  base.  So  it  is  important  to 
have  a  good,  consistent  and  valid  set  of  cases.  In  fields  like  law  or  medicine,  where  there  is 
an  existing  wealth  of  information  about  past  experiences,  this  task  of  acquiring  knowledge 
base  becomes  easy.  One  can  transform  the  library  of  cases  into  machine  readable  form 
cuite  easily.  In  other  fields,  one  has  to  obtain  the  information  gradually.  CBR  systems 
„,ake  obtaining  the  information  very  natural.  One  can  start  with  a  very  smaU  knowledge 
base.  .4s  new  cases  are  solved  using  this  smaU  knowledge  base,  a  human  expert  can  examine 
the  solution  and  correct  the  solution  and  the  system  adds  this  new  solution  to  its  knowledge 
base  automaticaUy.  In  other  words,  the  system  can  “learn^  This  learning  can  be  appbed 
to  fields  with  estabbshed  case  libraries  as  well,  improving  the  quality  of  the  knowledge  base. 
Since  today's  mass  storage  devices  are  very  inexpensive  and  fast,  storing  large  cases  is  not 
a  big  concern.  But,  storing  them  in  a  fashion  that  faciUtates  easy  retrieval  is  important. 
The  following  section  describes  the  storage  and  retrival  issues. 


2.2  Indexing  and  Organizing 

The  huge  amount  of  data  acquired  needs  to  be  stored  in  a  fashion  that  is  easy  to  retrieve  and 
takes  a  minimum  of  space.  That  is,  the  data  needs  to  indexed  since  retrieving  is  essentially  a 
search  problem.  This  search  becomes  non-trivial  since  there  is  more  than  one  key  attribute 
in  each  case.  Hence  multi-key  indexing  is  necessary.  If  the  knowledge  base  spans  a  wide 
variety  of  sub-fields,  it  needs  be  organized.  For  example,  in  case  of  legal  precedents,  a 
knowledge  base  might  include  auto  liability  cases  and  auto  injury  cases,  which  are  different 
from  each  other.  They  need  to  be  organized  appropriately  so  that  a  retrieval  in  one  field 
retrieves  cases  in  that  field  only  and  in  no  other  fields.  In  the  case  of  size  prediction,  the 
knowledge  base  is  homogeneous  and  organizing  is  not  a  problem. 

There  are  many  ways  to  index  a  knowledge  base.  The  programmer  (knowledge  base  builder) 
can  fix  the  indices.  But  this  will  make  the  system  unable  to  adapt  to  new  domains  and 
moreover,  in  some  fields,  the  indices  may  not  be  weU  defined.  In  uniform  size  prediction 
there  are  no  weU  defined  indices  to  index  the  knowledge  base.  There  are  no  weU  estabbshed 
rules  regarding  which  body  measurements  affect  each  garment  size.  Size  selection  depends 
more  or  less  on  the  “judgement”  of  the  fitting  expert  and  may  not  depend  on  a  single  set 
of  measurements.  It  may  be  dependent  on  ratios  of  some  measmements  such  as  weight 
to  height.  So  fixing  indices  is  not  suitable.  Inductive  learning  is  another  approach.  In 
inductive  learning,  the  CBR  program  clusters  the  knowledge  base  by  usmg  algorithms.  The 
program  analyzes  the  data  for  repetitive  patterns  and  builds  relationships  among  outcomes 
and  inputs.  Such  an  approach  not  only  is  field  independent  but  doesn  t  need  to  have  defined 
indices.  Some  clustering  algorithms  are  given  by  Hartigan  et  al[i]. 

The.  commercial  development  shell  used  in  this  project,  ReMind,  uses  the  clustering  ap¬ 
proach.  The  particular  clustering  algorithm  used  is  propraitery  and  is  not  disclosed.  But 
the  algorithm  is  based  on  Direct  Splitting  and  Simultaneous  Clustering  and  Scaling  {See  [1, 
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Figure  2. It  After  the  first  split 


Pages  251-278,  299-312])  and  can  be  explained  as  follows. 

Some  Mils  in  case  are  considered  “match”  fields  and  are  to  be  designated  as  snch  by  the 
Some  fields  outcome.  The  clustering  mechamsiii  spbts  the 

"ry  into  groups,  based  on  the  v^ues  of  the  match  fields 

r^n.-iders  every  value  of  every  match  field  in  the  Ubrary  as  a  possible  spUt.  Then  it  wiJJ 
equate  these  splits  and  determine  which  spUt  does  the  best  job  of  separating  the  different 
outcomes  This  the  spUt  that  divides  the  whole  library  into  two  most  homogeneous  group  . 
TWs  spUt  become  a  node  in  the  cluster  (binary)  tree  with  the  two  groups  or  dusters 
•ts  rhildren  The  clustering  mechanism  will  continue  to  split  each  cluster  using  the 
Itme  principle  recursively  untU  the  cluster  is  completely  homogeneous  or  there  are  too  few 
nurber  of  cte^in  "  cluster  to  decide  the  best  spUt.  This  process  will  result  m  a  binary 
tree  with  tests  of  match  fields  as  interior  nodes  and  clusters  as  leaf  nodes.  Since  searching 
a  binary  tree  is  0(log  n),  searching  is  very  fast. 

The  foUowing  example  will  make  the  principle  more  clear.  Consider  a  short  sleeve  shirt  size 
Iwch  is  represented  as  a  real  number  ranging  from  12.5  to  18.5  as  the  ou  conm  field  and 
Hdeht  St  Neck,  Chest  and  Waist  as  match  fields.  The  clustering  algorithm  makes 
split,  and  evaluates  each  cluster.  Suppose  It  decides  that  all  the  cases  with  ‘^an 

or  equal  to  150  will  make  one  cluster  and  all  others  the  other  cluster,  making 

look  as  in  Figure  2.1 

Then  the  clustering  algorithm  does  the  same  thing  with  Cluster  1  and  Cluster  2.  Suppose 
Jack  leS  than  or  e'ual  to  15  decides  the  best  split  for  Cluster  1  and  Neck  less  than  or  egual 
to  16  for  Cluster  2.  Then  the  cluster  tree  looks  as  shown  in  Figure  2.2. 

The  clustering  process  continues  on  resulting  clusters  nntU  the  clusters  becomes  homoge- 
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Figure  2.2:  After  second  split 


neous  i.e.  same  outcome  for  all  cases  in  that  cluster  or  there  are  too  few  cases  in  the  cluster. 
So  finaJly  the  tree  looks  like  Figure  2.3. 

The  clustering  procedure  can  be  done  without  any  human  interaction.  But  for  best  results 
in  fields  where  the  rules  are  well  defined,  a  human  expert  can  transfer  some  of  his/her 
knowledge  to  the  clustering  algorithm  by  using  a  Q-Model.  In  a  Q-Model,  a  person  can  set 
precedence  of  match  fields  thus  changing  the  evaluation  criteria.  But  for  this  project,  this 
was  not  done  because  there  is  in-sufficient  human  expertise. 

Above  process  describes  the  indexing  method  of  ReMind.  ReMind  also  has  the  capability 
to  organize  the  case  base  by  using  prototypes.  A  human  expert  has  to  express  domain- 
specific  knowledge  as  a  prototype.  It  is  like  screening  the  cases  before  clustering.  For 
example  organizing  bank  loans  into  cases  related  to  business  loans  in  one  cluster  and  all 
cases  related  to  car  loans  in  other  cluster. 


2.3  Retrieving  and  Matching 


The  whole  point  of  Case  Based  Reasoning  is  retrieving  a  case  that  is  similar  to  a  problem 
case.  Many  different  algorithms  exist  for  retrieving  relevant  cases.  By  using  the  indexing 
method  discussed  in  above  section,  retrieving  relevant  cases  becomes  trivial.  One  can  re¬ 
trieve  case(s)  just  by  following  the  tree  performing  appropriate  tests  at  each  node  to  choose 
which  branch  to  take.  This  search  ultimately  leads  to  a  leaf  cluster.  The  leaf  cluster  can 
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fousist  of  with  sa,„o  outcome  in  wliid,  can.  th.  result  is  dear  or  it  may  contain 
ca-ses  with  mixed  outcomes. 

More  often  than  not,  one  arrives  at  a  mixed  cluster.  So  the  most  sUuilar  case  "^^ds  to  be 
retrieved  from  this  leaf  cluster  to  determine  the.  most  similar  case.  This  is  where  matching 
comes  into  picture.  Matching  is  a  process  in  which  cases  are  compared  using  some  measme 
giving  each  case  a  “similarity  score”.  The  case  with  highest  similarity  score  wiU  be  the  case 
that  closely  matches.  There  are  many  ways  to  calculate  the  similanty  scores.  And  in  some 
instances  such  as  legal  precedents,  where  a  case  is  mostly  textual,  it  might  be.  very  difficult 

to  evaluate  the  case. 

ReMiiul  uses  statistical  method  called  Acamst  Neighbor  Matching.  For  each  field  in  the. 
case  a  value  between  0  and  100  is  assigned  based  on  the  mean  and  standard  deviation 
calculated  for  the  field  across  the  Ubrary.  Then  the  absolute  value,  of  the  difference  between 
the  input  field  and  the  examined  field  is  calculated  and  subtracted  from  100  to  deteriuine 
the  similaritv  score  for  the  examined  case  field.  The  programmer  has  to  assign  v^eigi  s 
to  each  relevant  field  based  on  how  important  the  filed  is  in  determining  the  outcome. 
The  total  similarity  score  of  the  case  is  determined  by  multiplying  each  fidd 
score  and  the  weight  of  that  field,  and  taking  the  average  of  the  products.  The  higher  the 
similarity  value  the  closer  the  retrieved  case  is  to  the  problem  case. 

ReMind  aUows  this  nearest  neighbor  method  to  be  used  on  an  entire  Ubrary  as  weU  as  on 
a  retrieved  mixed  cluster.  Since,  the  algorithm  is  O(u^),  where  n  is  number  of  cases  in  the 
cluster,  applying  this  to  entire  Ubrary  is  costly  and  may  not  be  prac^al  if  th^brary  is 
large.  But  to  select  the  “best”  case  from  a  mixed  cluster  one  can  quickly  apply  the  nearest 

neighbour  algorithm. 


2.4  Adapting  the  retrieved  case 


The  retrieved  case  may  not  have  the  exact  same  input  fields  as  the  problem  case.  In 
some  instances,  it  might  be  possible  to  sUghtly  adjust  the  outcome  value  obtained  from  the 
retrieved  case  by  using  formulas  or  other  techniques.  For  example  in  real  estate  pricing,  if 
the  input  house  has  3  bath  rooms  whereas  the  retrieved  case  has  2  bath  rooms,  it  might  be 
necessary  to  add  some  doUar  amount  to  the  total  price.  TWs  technique  is  caUed  adaptation, 
and  it  uses  formulas.  In  some,  fields  where  outcomes  are  not  quantities  that  can  be  manage 
by  formulas,  more  complex  methods  may  be  needed.  A  human  exert  must  deterimne  the 
adaptation  scheme.  In  the.  size  prediction  project  adaptation  is  not  appUed  because  there 
is  no  human  expert  available  with  sufficient  domain  knowledge. 
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2.5  Updating  the  memory  with  new  case 

One  of  the  strengths  of  Case  Based  Reasoning  is  the  abiUty  of  the  Ubrary  ^ 

ability  is  acquired  by  storing  the  new  fine-tuned  and  solved  cased  in  the  case  Ubrary.  Storing 
a  new  case  might  require  partial  or  complete  re-indexing  of  the  Ubrary  In  some  cases, 
updating  may  not  be  necessary  when  the  case  base  is  large  enough  to  handle  any  input  case 
without  the  need  for  adaptation.  In  other  cases,  where  fast  responses  are  needed,  i  may 
not  be  practical  to  update  the  case  base  with  each  new  case.  However,  a  batch  updating 

can  be  done  in  those  cases. 

Since  this  size  prediction  project  requires  fast  response  times,  it  is  not  practical  to 

after  Also,  the  ReMind  ‘C*  Ubrary  does  not  allow  for  re-indexing  of  the  Ubrary.  Since  the 

case  base  is  large  enough,  there  is  no  need  for  updating  the  Ubrary  with  new  cases. 
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Chapter  3 


Building  knowledge  base  using 
ReMind  development  shell 

3.1  The  ReMind  Shell 

ReMind  is  a  case-based  reasoning  development  shell  developed  by  Cognitive  Systems  Inc. 
The  ReMind  shell  is  development  environment  with  graphical  user  interface  based  on  Mi¬ 
crosoft  Windows  (Macintosh  and  XI 1  versions  are  also  available).  ReMind  is  capable  of 
doing  all  the  required  steps  explained  in  the  previous  chapter.  It  has  facilities  to  define  a 
case  base,  to  build  a  case  base,  to  index  and  organize  it,  to  interactively  retrieve  and  to 
adapt  the  results.  ReMind  also  has  facilities  to  import  data  stored  in  ASCII  form  and  to 
present  cases  in  customized  forms. 

The  ReMind  development  environment  consists  of  nine  editors:  field  editor,  symbol  editor, 
formula  editor,  case  editor,  importance  editor,  cluster  editor,  q-model  editor,  data  import 
editor  and  form  editor. 

The  first  step  in  building  a  case  base  is  to  define  aU  the  attributes  in  a  case  which  is  done 
in  field  editor.  One  can  interactively  define  a  new  field,  define  what  type  of  the  field  i.e. 
integer,  real,  symbol,  date  etc.  assign  default  values  and  other  optional  attributes. 

Many  real  world  problems  are  textual  in  nature.  But  processing  text  is  computationally 
intensive.  ReMind  has  a  data  type  called  symbol.  A  symbol  similar  to  an  enumerated  type  in 
C  or  Pascal.  In  many  cases  textual  attributes  like  sizes  and  city  names  can  be  represented 
as  symbols.  Internally  symbols  are  treated  as  numbers  making  symbols  easy  to  process. 
The  Symbol  editor  lets  the  programmer  define  the.  symbols  used  in  the  knowledge  base.  The. 
symbols  are  defined  in  a  hierarchical  manner.  For  example  a  symbol  G^age-Type  might 
have  One-Car,  Two-Car,  Three-Car  and  No-Garage  as  its  children.  So  in  place  of  Garage- 
Type  one  can  use  any  of  the  later  symbols.  Also,  one  can  enter  ranking  information  into 
the  symbol  hierarchy  using  the  symbol  editor,  making  the  symbols  ordered.  For  example 
the  symbols  Extra-Small,  Small,  Medium,  Large  and  Extra-Large  can  be  ordered  so 
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Figure  3.1:  A  Symbol  Hierarchy 


that  Eitra-Small  is  less  than  S.all  and  so  on.  Then  symbols  tan  bo  used  in  comparisons 
ngnrr  3.1  gives  an  ordered  symbol  hierarchy  used  in  this  project  to  represent  garment 

lengths. 

Some  fields  in  the  case  might  be  calculated  from  other  fields.  The  Fonnufa  edilor  can  be 
used  to  define  formulas  using  a  graphical  user  interface.  Also  the  formula  editor  checks  the 
validity  of  a  formula  and  valid  type  mixing. 

The  CVzase  Editor  \s  where  the  main  functions  of  building  a  case  library  are  performed.  One 
can  enter  data  into  ca^es,  perform  retrievals,  do  adaptation  etc.  AU  the  fields  of  a  case  are 
presented  in  a  Fonn  jilling  manner.  One  can  input  data  into  the  case  by  making  a  Ne 

case,  and  typing  in  the  form. 

In  indexing  the.  case  library,  the  system  needs  to  know  the  outcome  field  and  aU  the  relevant 
“match”  fields.  The  Importance  Editor  can  be  used  to  designate  these  attributes.  Also  in 
nearest  neighbor  matching,  each  relevant  field  needs  to  have  weights  Asrigning  weights 
also  can  be  done  in  the  importance  editor.  Each  set  of  weights  is  called  a  Weight  Vector. 


The  an, tier  Editor  is  used  to  index  the  case  library.  Once  the  cluster  Uee  is  built,  the  cluster 
editor  wiU  show  the  cluster  tree  in  a  graphical  manner.  That  gtapUcal  representation  can 
be  used  to  selectively  re-cluster  parts  of  the  cluster  tree.  Knowledge  guided  induction  or 
clustering  can  be  performed  by  using  Q-Models  and  Prototypes. 


The  Q-Model  Editor  can  be  used  to  represent  a  human  expert’s  knowledge  graphic^y. 
This  Q-Model  can  be  used  in  the  clustering  process  to  do  knowledge  guided  induction. 
Also,  prototypes  (front  end  screener)  can  be  built  using  the  Q-Model  editor. 

Many  times,  the  data  that  is  needed  for  building  a  case  Ubrary  is  available  in  a  machine 
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readable  data  base.  Usually  that  data  can  be  obtained  in  ASCII  files.  Data  Import  Editor 
can  be  used  to  import  the  data  into  the  case  Ubrary  eUminating  the  need  for  re-keying  the 
data,  (inversions  from  one  form  to  other  eg.  integer  to  real  can  be  specified  in  this  editor. 
Also,  converting  text  into  symbols  can  be  done. 

Form  Editor  c?i.n  be  used  to  create  customized  forms  for  case  presentation.  These  customized 
forms  are  useful  in  highlighting  important  information  and  hiding  un-necessary  details. 

A  case  hbrarv  can  have  more  than  one  Viexa.  Each  view  can  have  only  one  cluster  tree.  The 
Weight  Vector  can  be  view  specific  or  it  can  be  present  in  aU  views.  Since  a  cluster  tree  is 
based  on  outcome  field,  and  only  one  cluster  tree  can  exist  in  one  view,  only  one  outcome 
field  can  be  specified  in  one  view.  So  if  there  is  more  than  one  independent  outcome  fields, 
different  views  h<ive  to  be  used. 

There  are  three  kinds  of  case  “dispositions”  in  ReMind:  stored,  un-stored  and  hypothetical. 
Stored  cases  are  ReMind’s  “memory”.  They  are  previously  solved  cases  and  they  are  used 
to  build  cluster  trees  and  are  compared  in  nearest  neighbor  matching.  Un-stored  cases 
are  also  solved  cases.  But  un-stored  cases  are  reserved  for  testing  purposes.  That  is,  after 
indexing  the  library,  one  can  retrieve  using  an  un-stored  case  as  a  problem  case  and  compare 
the  retrieved  results  with  actual  values  in  the  case.  ReMind  provides  an  automatic  testing 
function.  By  using  this  function,  retrieval  can  be  done  using  all  un-stored  cases  and  calculate 
the  percentage  of  success.  Hypothetical  cases  are  unsolved  problem  cases. 

Initially  aU  solved  cases  in  ReMind  are  un-stored  cases.  In  each  view,  dispositions  can  be 
set  randomly  to  reserve  certin  percentage  as  un-stored  cases. 


3.2  ReMind  ‘C’  Library 


The  case  base  developed  using  the  development  shell  can  be  accessed  interactively  from 
within  the  development  sheU.  However,  to  achieve  faster  responses,  to  use  a  customized  user 
interface  to  do  a  number  of  predictions  automatically  etc.  requires  the  C  Ubraries.  Cognitive 
Systems  provides  a  Windows  Dynamic  Link  Library(DLL)  for  accessing  the  knowledge  base 
built  using  the  ReMind  shell.  However,  there  are  certain  limitations  to  this  C  library.  One 
can  “access”  the  knowledge  base,  but  can  not  “modify”  it.  That  is  one  can  not  re-index  the 
knowledge  base  using  the  C  Ubrary.  This  C  Ubrary  consists  of  an  API  (  AppUcation  Program 
Interface)  of  function  calls  that  can  be  used  to  perform  almost  any  retrieval  operation.  These 
functions  can  be  caUed  from  any  C/C+-h  program  to  do  retrievals  from  the  case  Ubrary. 
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-  Field  Definitions  - 1 

-  ■ 

Field  Name 

Type 

Description 

Measurements 

Height 

Weight 

Neck 

Chest 

Waist 

Hips 

Sleeve 

Integer 

Integer 

Real 

Real 

Real 

Real 

Real 

Height  of  the  person  in  inches 

Weight  of  the  person  in  lbs 

Neck  measurement  of  the  person  in  inches 

Chest  measurement  of  the  person  in  inches 

Waist  measurement  of  the  person  in  inches 

Hips  measurement  of  the  person  in  inches 

Slppve  measurement  of  the  person  in  inches 

Sizes 

Short  Sleeve  Shirt  Size  j 
Long  Sleeve  Shirt  Size 
Long  Sleeve  Shirt  Sleeve 
Trouser  Size 

Trouser  Length 

Careen  C.'Oat  Size 

Green  Coat  Length 

Blac.k  Coat  Size 

Black  Coat  Length 

Rea) 

Real 

Integer 

Integer 

Symbol 

Integer 

Symbol 

Integer 

Symbol 

Size  of  Short  Sleeve  Shirt  i2.5  -  1>^.5 

Size  component  of  Long  Sleeve  Shirt  12.5  -  LS..) 

Sleeve  component  of  Long  Sleeve  Shirt  25  -  45 

Size  component  of  Trouser  25  *•  45 

Length  component  of  Trouser  {XS,  S,  R,  L,  XL  } 

Size  component  of  tireen  Coat  2o  -  4o 

Length  component  of  Green  Coat  {XS,  S.  R,L,  XL  } 
Size  component  of  Black  Coat  25  -  4o 

IiPngth  component  of  Black  Coat  {XS,  S,  R,L,  XL  } 

Table  3.1:  Field  Definitions 


3.3  Building  the  knowledge  base 


3.3.1  Defining  a  Case 


The  first  step  in  building  a  knowledge  base  is  to  define  a  case  using  the  field  editor.  Table. 
3.1  describes  different  fields  and  their  types. 


Notice  that  Long  Sleeve  Shirt,  Trouser,  Green  Coat  and  Black  Coat  sizes  are  div  de 
two  parts  each.  That  is  because,  the  two  parts  are  not  exactly  dependent  on  the  same 
factors  and  have  to  be  predicted  separately.  For  example.  Trouser  Size  is  inostly  dependant 
on  body  build,  waist  and  hips  where  as  Trouser  Length  is  dependant  on  height.  Also  size 
is  numeric  and  length  is  a  symbol.  So  they  are  separated  into  two  fields. 


3.3.2  Obtaining  the  data 

Any  case  Ubrary  needs  a  good  set  of  solved  cases  as  its  “memory”.  In  this  project  these 
solved  cases  are  obtained  as  foUows.  In  Fort  Jackson,  SC  Army  base,  approximately  600 
soldiers  per  week  are  fitted  by  human  experts.  A  army  standard  form  is  used  to  ^cord 
measurements  and  garment  sizes  of  each  soldier.  With  the  co-operation  of  the  Clotbng 
Initial  Issue  Point  at  Fort  Jackson,  the  project  team  was  able  to  obtain  copies  of  these 
forms.  Approximately  4000  forms  were  obtained.  With  the  help  of  people  at  Clemson 
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Apparel  Research,  those  3000  forms  were  converted  into  dBase  (A  PC  based  database) 
records.  Each  record  consists  of  aU  the  data  needed  for  each  case  i.e.  measurements  and 
garment  sizes.  After  obtaining  aU  the  3000  records,  a  dBase  program  written  by  the 
project  team  to  weed  out  bad  cases  resulting  from  typographical  errors.  dBase  records  can 
be  ^ported  to  standard  ASCII  files.  Since  only  ASCII  data  can  be  imported  into  ReMind, 
all  3000  records  were  e.xported  into  an  ASCII  file. 

Svmbols  XS,S.R,L,XL  were  defined  using  the  symbol  editor  and  they  were  ordered  so  that 
XS<S<R<L<XL.  In  Data  Import  editor,  conversion  fortiinlas  were  defined  to  convert  troni 
ASCII  data  to  integers,  reals.  Lengths  like  XS,  S,  R,  I,  XL  were  converted  into  symbols 
previously  defined. 


3.3.3  Organizing  Views 


As  stated  earber,  each  view  can  contain  only  one  cluster  tree  thus  requiring  one  view  per 
component  of  garment  to  predicted.  So  after  importing  the  data  into  the  c^e  bbrary,  nine 
views  were  defined  corresponding  to  the  nine  garment  components  namely:  Short  sleeve 
shirt  size,  Long  sleeve  shirt  size,  Long  sleeve  shirt  sleeve.  Trouser  size,  Trouser  length. 
Green  coat  size.  Green  coat  length.  Black  coat  size  and  Black  coat  length.  In  each  view, 
dispositions  of  cases  are  set  as  95%  stored  and  5%  un-stored.  These  un-stored  cases  will  be 
used  in  testing  the  library. 


3.3.4  Clustering 


The  next  step  in  building  a  case  library  is  to  index  the  data.  As  explained  in  previous 
chapter,  ReMind  uses  Clustering  to  index  data.  There  are  nine  garment  components  to  be 
predicted.  So  there  are  nine  different  cluster  trees  to  be  built  in  mne  different  views  An 
outcome  field  and  aU  the  match  fields  affecting  the  outcome  field  needs  to  be  defined  for 
each  cluster  tree.  The  importance  editor  should  be  used  to  designate  the  fields  in  each  view. 
Table  3.2  lists  aU  the  views  and  outcome  and  match  fields  in  each  view. 

After  the  fields  are  designated  appropriately,  cluster  trees  need  to  be  buOt.  Building  cluster 
tree  is  done  in  the  cluster  editor.  No  knowledge  guided  induction  i.e.  using  Q-Models 
was  done.  One  parameter,  minimum  cases  to  split,  needs  to  be  given  to  the  clustering 
algorithm.  The  clustering  algorithm  will  not  try  to  split  a  cluster  if  there  are  fewer  than 
this  minimum  number  of  cases  in  that  cluster  preventing  over-clustering.  Over-clustering 
can  lead  to  meaningless  evaluation  of  cluster  by  the  algorithm,  since  there  are  too  few  cases 
to  represent  all  aspects.  This  parameter  was  set  at  15  after  trying  a  number  of  alternatives. 
Once  this  parameter  is  set,  the  rest  of  the  clustering  process  is  automatic. 
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Field  designations  in  each 

view 

View  name 

Outcome  field 

Match  fields 

Short  Sleeve  Shirt  Size 

Short  Sleeve  Shirt  Size 

Weight,  Height,  Neck,  (Hiest, 
Waist,  Sleeve 

Long  Sleeve  Shirt  Size 

Long  Sleeve  Shirt  Size 

Weight,  Height,  Neck,  (.'best, 
Waist,  Sleeve 

Long  Sleeve  Shirt  Sleeve 

Long  Sleeve  Shirt  Sleeve 

Weight,  Height,  Neck,  (Ihest, 
Waist,  Sleeve 

Trouser  Size 

Trouser  Size 

Weight,  Height,  Waist,  Hips 

Trouser  Length 

Trouser  Length 

Weight,  Height,  Waist,  Hips 

CJreen  Coat  Size 

Green  ('oat  Size 

Weight,  Height,  Neck,  Chest, 
Waist,  Hips,  Sleeve 

Green  Coat  Length 

Green  ('oat  Length 

Weight,  Height,  Neck,  Chest, 
Waist,  Hips,  Sleeve 

Black  Coat  Size 

Black  ('oat  Size 

Weight,  Height,  .Neck,  Chest, 
Waist,  Hips,  Sleeve 

Black  Coat  Length 

Black  Coat  Length 

Weight,  Height,  Neck,  Chest, 
Waist,  Hips,  Sleeve 

Table  3.2:  Outcome  and  Match  fields  in  each  view 


3.3.5  Testing  the  cluster  trees 


The  un-stortd  cases  can  be  used  to  test  the  performance  of  the  cluster  tree.  ReMind 
provides  a  Test  Clusters  coiumand  to  the  testing  automatically.  When  this  command  is 
invoked,  ReMind  will  consider  each  un-stored  case  as  a  problem  case  and  try  to  solve  it  by 
retrieving.  Since  the  outcome  is  already  known,  the  retrieved  outcome  is  compared  to  actual 
outcome  and  results  are  reported.  If  more  than  80%  of  un-stored  cases  have  an  outcome 
similar  to  the  retrieved  outcome,  the  cluster  tree  is  considered  good. 


3.3.6  Preparing  for  nearest  neighbor  match 


Although  doing  nearest  neighbor  matches  on  large  libraries  is  time  consuming,  applying 
them  to  do  the  smaLll  subset  of  cases  retrieved  by  an  inductive  retrieval  yields  good  results. 
For  doing  nearest  neighbor  match,  a  Weight  Vector  needs  to  be  defined.  A  weight  vector 
is  a  set  of  weighings  attached  to  each  relevant  field.  Since  each  garment  component  has 
different  relevant  fields,  different  weight  vectors  need  to  be  defined.  This  is  done  in  the 
importance  editor.  Each  field  can  be  given  a  weight  of  0,2,4, 8  or  16.  A  weight  of  4  is  twice 
as  important  as  a  weight  of  2  and  so  on.  Table  3.3  describes  weight  vectors  in  the  case 
library 
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Weight  Vectors  for  each  outcome  field 

- - — - - - 

Weight  Vector 

Weights 

Height 

Weight 

1  £2 

Neck 
t  a 

Chest 

Waist 

1 

Hips 

0 

bleeve 

16 

Short  Sleeve  Shirt  Size 
Long  Sleeve  Shirt  Size 
Long  Sleeve  Shirt  Sleeve 
Trouser  Size 
Trouser  Length 
Green  Coat  Size 
Green  Coat  Length 
Black  Coat  Size 
Black  Coat  Length 

Table  3.3;  \Neight  Vectors 


1 

8 

0 

16 

1 

1 

1 


IV 

16 

16 

8 

8 

16 

8 

16 

8 


1  yj 
16 
4 
0 
0 
16 
2 
16 
2 


8 

1 

0 

0 

8 

2 

8 

2 


1 

1 

16 

8 

1 

2 

1 

2 


0 

0 

16 

8 

0 

2 

0 

2 


0 

0 

0 

0 

16 

0 

16 

0 


3.4  Retrieving  from  the  library 


Once  the  Ubrary  is  built  and  indexed,  it  can  be  used  for  retrieval.  But  there  are  many 
ways  it  can  be  used.  One  can  do  a  simple  inductive  retrieval  or  simple  nearest  neighbor 
match.  Simple  inductive  retrieval  can  yield  a  mixed  cluster  where  more  than  one  outcome  is 
retrieved.  Simple  nearest  neighbor  match  can  be  time  consuming.  So  the  following  approach 

is  adapted. 

•  A  minimum  of  twenty  cases  are  retrieved  using  inductive  retrieval. 

•  A  nearest  neighbor  match  using  appropriate  weight  vector  is  done  among  those  re¬ 
trieved  case  to  obtain  ten  cases  that  are  similar  to  the  problem  case. 

•  Voting  is  done  among  those  ten  outcomes  to  arrive  at  first,  second  and  third  choices 

Interactive  retrievals  from  within  the  development  sheU  can  be  done  from  the  case  editor, 
for  predicting  a  garment  component  size,  body  measurements  are  entered  into  a  new  case 
in  case  editor.  There  are  menu  choices  to  invoke  the  inductive  retrieval  and  then  nearest 
neighbor  match  on  the  retrieved  cases.  But  there  is  no  way  to  do  the  voting.  So  when 
using  the  development  shell  to  retrieve,  voting  is  not  done  and  c^es  with  highest  siimlarity 
scores  are  taken  as  first,  second  and  third  choices.  But  when  using  the  C  library  provided, 
voting  can  be  done.  So  the  voting  method  was  used  in  developing  the  size  prediction  system 
using  the  C  library  and  programs  written  to  test  the  library.  The  size  prediction  system  is 
explained  in  later  chapters  and  the  testing  program  is  described  in  the  foUowing  section. 


3.5  Testing  the  library 


A  C  program  was  written  to  predict  all  the  un-stored  cases  in  the  library  for  a  given  garment 
component  using  the  retrieval  strategy  discussed  in  the  above  section.  Figure  3.2  gives  the 
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1.  For  each  un-stored  casp  in  the  library  do 

2.  Retrieve  20  cases  using  inductive  retrieval 

:i.  Do  a  nearest  neighbor  match  on  those  20  cases  to  obtain  10  most  similar  cases 

4.  Vote  amount  the  10  cases  to  obtain  first,  second  and  third  choices.  Here  voting  is  just 
head-count. 

T).  Print  actual  outcome  and  the  first,  second  and  third  choice  outcomes  and  which  one 
matched  the  actual  outcome.  Increment  the  counter  corresponding  to  that  choice  to 
indicate  the  number  of  matches  in  that  choice 

6.  EndDo 

7.  Print  total  number  of  cases  ])redicted.  Number  of  matches  for  each  choice  and  per¬ 
centages 


Figure  3.2:  Testing  Algorithm 


algorithm  of  the  testing  program. 

This  program  takes  an  un-stbred  case,  determines  the  first,  second  and  third  choice  outcomes 
and  compares  them  with  the  actual  outcome.  It  repeats  the  process  with  all  the  un-stored 
cases  in  the  library  and  produces  the  total  of  how  many  first  choices  were  correct,  how 
many  second  choices  were  correct  and  how  many  third  choices  were  correct  and  calculates 

the  percentages. 

The  results  indicate  that  the  first  choice  was  correct  in  about  80%  of  the  cases,  10-1.5% 
second  choice,  .5-10%  third  choices  and  1-5%  the  actual  outcome  was  not  in  the  top  three 
choices  predicted.  See  the  conclusions  for  discussion  on  results. 
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Chapter  4 


The  Size  Prediction  System 


This  chapter  describes  the  C/C++  progra.i.  that  rpampulates  the  kaowladge  base  built 
using  the  ReMind  developeuient  shell.  This  program  uses  the  ReM.nd  C  Ubraries. 

Require, nents  for  the^ste  pretoto^ 

Sires 

should  be  presented  to  the  /e^^^  sheU  can  not  be  used 

rt- :L°:ir:Tr:l!rsyI.em  bt":!  orTlve  regmUents.  The  user  Interface 
of  ^^development  shell  Is  not  hexible.  Multiple  retrievals  can  not 

user  interactiL  Printing  capabiUties  are  Umited  in  the  development  sheU.  So  there  is  no 
rriaSrother  tha,  Juse  the  C  libraries.  But  since  ReMind  wiU 

of  the  knowledge  base  using  the  C  libraries,  the  “learmng  capabibties  of  a  CBR  system  are 
uol  e^tel  This  may  not  be  an  issue  since  the  case  Ubrary  is  large  and  close  to  betug 

complete. 


4.1  Design  of  the  system 


Figure  4  I  describes  the  design  of  the  system.  There  are  two  iudepeudeut  coy  oneuls  to  he 
syLm;  the  user  interface  and  the  prediction  engine.  The  software  is  implemented  ns  g 
Te  Zrland  C++  version  3.1  and  requires  Microsoft  Window,  3.x.  Windows  3.x  ,s  also 
required  by  the.  ReMind  development  shell  and  C  libraries. 

The  user  interface  is  responsible  for  accepting  the  input  from  the  user,  validating  it  and 
supplying  the  data  to  the  prediction  engine.  It  also  presents  the  results  to  the  user  and  is 
abk  to  print  the  results.  The  prediction  engine  is  responsible  for  dealing  with  the  knowle  g 
base  built  using  the  ReMind  development  sheU,  doing  retrievals  as  newssary  by  following 
the  strategy  explained  in  previous  chapter  and  accompUshing  the  logging  i  require 
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Figure  4.1:  Design  of  the  system 


The  user  interface  and  the  prediction  engine  are  independent  of  each  other.  The  design 
allows  for  the  user  interface  to  be  changed  without  affecting  the  prediction  engine.  The  user 
interface  can  be  replaced  with  a  program  that  collects  data  from  the  automatic  measuring 
equipment  once,  that  capability  is  available. 


4.2  The  Prediction  Engine 


The  prediction  engine  is  implemented  using  the  ReMind  C  library  and  is  written  in  C. 
It  resides  in  module  predict. c.  This  module  is  responsible  for  interacting  with  the  case, 
library.  The  predcition  enginer  consists  of  three  visible  functions.  They  are  InitSizepCBR, 
ShutdownSizepCBR  and  PredictCBR. 

InitSizepCBR  will  take  init  file  name  as  an  argument  and  initializes  the  ReMind  system, 
opens  the  library,  determines  the  measurement  field  ids  and  associates  view  name,  out¬ 
come  field,  weight  vector  relationship.  Figure  4.2  contains  the  algorithm  for  this  function. 
Appendix  A  gives  a  sample  initialization  file. 

ShutdownSizepCBR  will  stop  the  remind  system,  close  the  library  and  log  files.  It  also 
deletes  the  blank  case  created  by  the  initialization  function. 
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1.  Open  the  initialization  file.  If  can  not  be  opened  stop. 

2.  Read  library  file  name  and  log  file  name  from  the  init  file. 

3.  Read  measurement  field  names  from  init  file.  Eg.  Weight,  Height  etc. 

4.  Read  view  name,  outcome  field,  weight  vector  relations  from  init  file. 

b.  Initialize  ReMind  system  and  open  library  and  log  files 

6.  Determine  the  internal  field-ids  of  the  measurement  fields  from  the  Ubrary  for  the 
given  names. 

7.  Estabbsh  view  handle,  outcome  field-id,  weight  vector  handle  relations  using  the  re¬ 
lations  read  from  the  init  file  and  by  using  the  library. 

5.  Create  a  new  blank  case  in  the  Ubrary.  This  case  is  fiUed  with  the  measurements  to 
be  ])redicted. 


Figure  4.2:  Algorithm  for  InitSizepCBR 


PredictSizepCBR  is  the  core  of  the  prediction  engine.  This  function  takes  a  structure  filled 
with  measurements,  and  two  function  pointers.  The  structure  has  three  empty  strings. 
These  strings  will  be  filled  with  first,  second  and  third  choice  outcomes.  Each  string  contains 
the  garment  components  short  sleeve  shirt  size,  long  sleeve  shirt  size,  long  sleeve  shirt  sleeve, 
trouser  size,  trouser  length,  green  coat  size,  green  coat  length,  black  coat  size  and  black 
coat  length  in  that  order.  The  function  pointers  are  called  at  the  beginning  and  end  of 
each  component  retrieval.  The  user  interface  displays  the  progress  of  prediction  using  these 
function  pointers.  This  function  uses  the  retrieval  strategy  described  in  the  previous  chapter. 
Figure  4.3  gives  the  algorithm  for  this  function. 

Notice  that  the  prediction  module  is  not  dependant  on  the  way  the  input  measurements 
were  obtained.  Once  the  automatic  measurement  system  is  available,  the  inputs  can  be 
obtained  directly  from  the  machine  instead  of  using  the  user  interface. 


4.3  The  User  Interface 


The  user  interface  is  based  on  the  Microsoft  Windows  Graphical  User  Interface  and  uses 
the  object  oriented  class  libraries  in  BC-b-f-  3.1.  It  is  developed  using  the  Borland  C-b+  3.1 
and  ObjectWindows  class  library.  ObjectWindows  hides  the  details  of  the  Windows  API 
by  using  a  set  of  classes.  The  user  interface  elements  like  dialog  boxes,  push  buttons  etc. 
are  constructed  using  the  Resource  Workshop  that  comes  with  BC-b-f  3.1 

Figure  4.4  gives  the  object  model  used  by  the  user  interface.  TDialog  and  TApplicationare 
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1.  Fill  new  case  allocated  by  the  initialization  function  with  the  measurements  using 
the  structure  passed  in. 

2.  For  each  view,  outcome  field,  weight  vector  relation  DO 

3.  Retrieve  20  cases  using  inductive  retrieval. 

4.  Among  those  20  cases  do  a  nearest  neighbor  match  to  get  10  most  similar  cases. 

Vote  among  those  10  cases  to  determine  first,  second  and  third  choice  outcomes. 

6.  Log  the  results  and  append  the  the  outcomes  to  the  first  second  and  third  choice 
strings  in  the  transfer  structure  passed  in. 

7.  EndDO. 

Figure  4.3:  PredictSizepCBR  Algorithm 


classes  in  the  ObjectWindows  Ubrary.  TDialog  provides  a  convenient  interface  for  manipu¬ 
lating  the  dialog  boxes.  TApplication  is  basically  a  place  holder  and  every  application  that 
uses  ObjectWindows  needs  to  have  a  class  derived  from  that  class.  TSizepApplication  is 
derived  from  TApplication.  Its  constructor  invokes  the  function  InitSizepCBR  to  initialize 

the  prediction  engine. 

There  are  two  classes  TSizepWindow  and  TPredicDialog  derived  from  TDialog.  TsizepWindow 
is  program’s  main  window.  The  purpose  of  this  window  is  to  accept  measurements  from 
the  user  and  allow  the  user  to  start  prediction.  Figure  4.5  shows  the  main  window  as  dis¬ 
played  on  the  screen.  The  main  windows  consists  of  edit  boxes  for  name  of  the  person  and 
aU  the  measurements.  It  also  contains  push  buttons  “Predict”  for  starting  prediction  and 
“Clear”  for  clearing  all  the  edit  boxes.  TsizepWindow  contains  functions  for  validating  the 
input  measurements.  When  the  push  button  “Predict”  is  pressed,  it  is  validated  and  the 
prediction  engine  is  invoked  by  filling  the  measurements  in  a  structure  and  by  passing  to 
PredictSizepCBR.  Once  the  results  are  returned  by  the  prediction  engine,  an  instance  of 
the  class  TPredictDialog  is  constructed  by  passing  all  the  measurements  and  the  results 
to  that  class. 

TPredictDialog  presents  the  results  in  a  window  as  shown  in  Figure  4.6.  This  window 
contains  static  text  boxes  for  name,  all  the  measurements  and  predicted  garment  sizes.  It 
also  has  “Print”  and  “OK”  buttons.  Pushing  “Print”  button  causes  the  results  to  be  printed 
on  a  printer  that  is  connected  to  “LPTl”.  Printing  in  MS  Windows  is  very  lengthy  because 
of  its  WYSWYG  requirement.  Since  only  simple  text  output  is  needed  for  this  project, 
direct  printing  to  the  printer  port  is  done.  Pushing  “OK”  causes  the  window  to  destroy 
and  the  control  returns  to  TSizepWindow. 
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TApplication 


TSizePApplicatioh 


Entered  by  user 


Figure  4.4:  Object  Model 
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Figure  4,5:  The  main  Window 


Figure  4.6;  Results  Window 
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Chapter  5 


Conclusions 


5.1  Limitations 


For  75provi(led  accurate  results.  However,  a  case  library  is  only  ss  good  as  the  data  from 
which  it  was  built.  Since  fitting  is  a  very  subjective  field  and  since  a  fitters  choice  of  a 
particular  size  varies  depending  on  human  perceptions,  fatigue  and  other  unmeasurable 
variables,  the  case  Ubrary  is  not  as  consistent  as  we  would  Uke  it  to  be.  Also,  the  garment 
sizes  are  sometimes  inaccurate.  For  example  a  size  15.5  short  sleeve  shirt  might  be  slightly 
larger  than  it  should  be  and  hence  it  might  be  chosen  instead  of  a  size  16.0.  The  measure¬ 
ments  also  depend  on  who  is  taking  them.  The  same  person  can  be  measured  differently 
by  different  measurers  or  even  by  the  same  measurer.  All  these  variables  are  beyond  our 
control  but  wiU  affect  the  case  library.  Once  the  automatic  measuring  equipment  is  avail¬ 
able  the  inconsistency  in  the  measurements  should  be  eliminated.  Also,  as  improvements 
in  glrment  manufacturing  are  made,  garment  sizes  wiU  become  more  consistent.  The  only 
remaining  variable  is  the  expert  fitters  subjectiveness.  If  the  system  is  changed  to  “learn 
as  time  goes  on,  these  fitters  can  be  aided  by  the  size  prediction  system  thus  making  the 
gannent  size  choices  consistent. 


5.2  Lessons  Learned 


This  project  was  started  about  one  and  half  years  ago  and  there  are  many  lessons  learned 
as  we  worked  on  this  project.  Some  of  them  are: 


•  A  large  set  of  cases  are  needed  for  a  case  library  to  work  optimally.  At  least  50  cases 
per  outcome  are  recommended  for  accurate  prediction. 

•  A  “good”  set  of  cases  is  need  for  consistent  predictions.  The  limitations  explained  in 
the  previous  section  result  from  a  lack  of  consistency  in  the  data  obtained. 
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.  Case  based  reasoning  can  be  very  slow.  Because  of  the  large  amounts  of  data  involved, 
considerable  computing  i)ower  and  processor  memory  is  required.  The  size  prediction 
svstem  is  usable  only  on  high  end  IBM  compatiable  personal  computers.  However, 
as  technological  advancements  in  computing  industry  are  occurring  at  a  rapid  pace, 
computing  power  becomes  less  of  a  limitation. 


5.3  Future  work 

A  first  step  toward  improvement  would  be  minimizing  affects  of  the  limitations  discussed 
above  by  fine-tuning  the  system.  Also,  a  number  of  enhancements  to  the  size  prediction 
svsleiii  are  possible.  Here  axe  some  of  them. 

1.  A  customized  clustering  algorithm  may  iiniirove  the  clustering  process  and  speed  of 
retrievals. 

2.  Online  help  can  be  added  to  the  user  interface. 

3.  The  user  interface  can  be  enhanced  so  that  it  can  be  used  by  a  computer  illiterate 
person.  The  intended  user  base  is  mostly  computer  illiterate.  So  this  can  be  a  big 
step  in  making  the.  system  more  adaptable. 

4.  The  clustering  process  builds  a  binary  cluster  tree  with  comparisons  as  nodes  and 
outcomes  as  leaf  nodes.  This  is  like  a  big  if-then-else  structure  which  is  typical  of 
a  rule-based  expert  system.  One  can  investigate  the  possibility  of  using  case  based 
reasoning  to  build  a  rule-based  expert  system.  Some  work  has  already  been  done  in 
this  direction.  But  because  ReMind  does  not  have  a  convenient  method  of  accessing 
the  cluster  tree  from  a  C  program,  developement  was  temporarily  halted. 
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Appendix  A 

Sample  Initialization  File 


#####################**♦*************•********************** 

## 

»«  This  is  the  initialization  file  for  the  size  prediction 
*#  project. 

##  This  must  exist  for  proper  operation  of  the  program 

«« 

##############*#******************************************* 


#«« 

###  NOTE;  _  . 

#«#  If  an  identifier  contains  whitespace  in  its  name 

###  enclose  it  in  double  quotes 

»«» 

t  The  following  contains  the  CBR  library  to  operate  upon 
«  CBRLIBNAME  is  the  KEY.  The  format  is 
»  CBRLIBNAME  libraryfullpath 
CBRLIBNAME  \CBRLIBS\ JACK. CBR 

«  The  following  contains  the  LOG  file  name 
»  CBRLOGNAME  is  the  KEY.  The  format  is 
»  CBRLOGNAME  logfullpath 

#  Set  logfullpath  to  NILL  if  no  log  needed 
CBRLOGNAME  \CBRPROGS\logf ile 

»  The  following  measurement  fields  MUST  be  specified.  KEY  words  are 

#  WEIGHT,  HEIGHT,  NECK,  SLEEVE,  CHEST,  HIPS,  WAIST 

#  in  any  order .  Format  is 

#  KEYWORD  fieldname 
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WEIGHT  Weight 
HEIGHT  Height 
NECK  Neck 
SLEEVE  Sleeve 
CHEST  Chest 
HIPS  Hips 
WAIST  Waist 

»  The  following  triplets  contains  fieldname,  view,  weightvector 

#  predicted. 

#  All  the  following  outcome  fields  should  be  specified  in  the 

#  same  order. 

»  You  can  precede  a  triplet  by  the  keyword  NOPREDICT  to 
«  make  the  system  to  ignore  the  entry.  But  the  entry  should 

#  be  there. 


»  Short  Sleeve  Shirt  Size 
ilNDPREDICT 

"Short  Sleeve  Shirt  Size"  "Short  Sleeve  Shirt  Size"  "Short  Sleeve  Shirt  Size" 
f  Long  Sleeve  Shirt  Size 

•NOPREDICT  ,  *  c-  I. 

"Long  Sleeve  Shirt  Size"  "Long  Sleeve  Shirt  Size"  "Long  Sleeve  Shirt  Size 

•  Long  Sleeve  Shirt  Sleeve 

•NOPREDICT  ^ 

"Long  Sleeve  Shirt  Sleeve"  "Long  Sleeve  Shirt  Sleeve"  "Long  Sleeve  Shirt  Sleeve 

•  Trouser  Size 
•NOPREDICT 

"Trouser  Size"  "Trouser  Size"  "Trouser  Size" 

•  Trouser  Length 


•NOPREDICT 

"Trouser  Length"  "Trouser  Length"  "Trouser  Length" 

•  Green  Coat  Size 
•NOPREDICT 

"Green  Coat  Size"  "Green  Coat  Size"  "Green  Coat  Size" 

•  Green  Coat  Length 


•NOPREDICT 

"Green  Coat  Length"  "Green  Coat  Length"  "Green  Coat  Length" 

•  Black  Coat  Size 

•NOPREDICT 

"Black  Coat  Size"  "Black  Coat  Size"  "Black  Coat  Size" 

•Black  Coat  Length 
•NOPREDICT 

"Black  Coat  Length"  "Black  Coat  Length"  "Black  Coat  Length" 
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Investigation  of  learning  in  a  Case— Based 
Reasoning  System 

Vinit  Jindal 

Department  of  Computer  Science 
Clemson  University 


Abstract 


An  expert  system  is  just  a  computer  program  that  uses  knowledge  and  inference  procedures  to  solve 
problems  Just  as  a  human  expert  would  do.  Inference  procedures  employed  in  expert  systems  can 
broadly  be  divided  into  two  classes:  Rule  based  and  Case  based.  Case-based  systems  simplify  knowl¬ 
edge  acquisition.  It  is  not  necessary  to  determine  how  experts  reason,  instead ,  one  just  needs  to  gather 
a  number  of  solved  cases.  Little  research  has  been  pubUshed  on  determining  how  performance  in¬ 
creases  as  a  function  of  the  number  of  cases  and  on  determining  how  many  cases  are  ‘enough’.  Our 
objective  was  to  to  evaluate  the  influence  of  learning  on  performance  of  a  specific  case-based  reason¬ 
ing  system.  We  adopted  a  case-based  reasoning  system  for  predicting  garment  sizes  based  on  the 
body  measurements.  We  started  with  a  small  knowledge  base  and  performed  test  runs  on  the  system 
while  progressively  adding  cases  into  the  knowledge  base.  The  test  runs  included  performing  garment 
size  predictions  for  a  set  of  test  cases  and  comparing  the  predictions  with  the  actual  size  issued  for  that 
body  measurement.  The  results  of  the  test  runs  were  analyzed  and  ‘learning  curves’  for  different  gar¬ 
ments  were  plotted.  We  found  that  learning  occurred  in  the  system  at  a  very  early  stage  and  subse¬ 
quent  addition  of  knowledge  made  little  change  in  the  system  performance. 
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Chapter  1 


Introduction 


This  paper  is  an  attempt  to  evaluate  the  influence  of  learning  on  performance  of  a  Case-based 
expert  system.  An  expert  system  is  just  a  computer  program  that  uses  knowledge  and  inference 
procedures  to  solve  problems  just  as  a  human  expert  would  do.  The  inference  procedure  can 
broadly  be  divided  into  two  classes:  Rule-based  procedure  and  Case-based  procedure.  Al¬ 
though  Rule-based  systems  are  the  most  popular  type,  Case-based  systems  have  some  advan¬ 
tages  and  are  beginning  to  be  used  for  commercial  applications.  Case-based  systems  simplify 
knowledge  acquisition. 

Case-Based  Reasoning  (CBR)  is  an  approach  for  problem  solving  in  which  a  solution  for  a 
problem  at  hand  is  adopted  from  the  solutions  of  similar  problems  solved  successfully  in  the 
past  It  is  very  similar  to  an  expert  making  a  decision  based  on  his  past  experience.  This  type  of 
approach  is  particularly  suitable  for  situations  with  repeating  patterns  of  problems.  The  CBR 
approach  only  needs  raw  data  about  previously  solved  problems  and  requires  no  special  knowl¬ 
edge  engineering.  In  areas  where  there  are  no  well  establish  rules  and  where  human  experts 
work  by  ’’intuition”  rather  than  established  rules,  this  approach  not  only  is  attractive  but  well 
might  be  the  only  way  to  go. 

CBR  algorithms  are  widely  used  by  statisticians.  Their  use  in  knowledge  engineering  hasn’t 
gained  popularity  because  of  the  high  computing  power  required  to  J^ply  them  to  a  large  set  of 
data.  Recent  advancements  in  both  CBR  and  computer  technology  have  reduced  this  problem. 
Several  commercial  tools  are  now  available  to  build  and  manipulate  knowledge  base  using 
CBR.  ReMind  from  Cognitive  Systems  Inc.  is  one  of  them.  Remind  contains  an  interactive 
development  shell  for  building  a  knowledge  base  and  a  C  library  to  manipulate  that  knowledge 
base. 
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The  first  question  that  comes  to  mind  for  a  case  based  system  is:  How  many  cases  would  be 
enough  for  desired  performance  ?  Having  more  than  necessary  cases  is  undesirable  due  to: 


1.  Time  taken  to  collect  the  cases. 

2.  Time  and  resources  involved  to  enter  them  into  the  system. 

3.  Increase  in  search  time. 


one  would  expect  a  Case-based  reasoning  system  to  ’leam”  (or  improve  performance)  as  the 
cases  are  added,  as  has  been  shown  in  previous  studies  by  Bareiss[2]  and  Aamodt  [3].  Study  of 
the  literature  indicates  that  little  research  has  been  published  on  determining  how  performance 
increases  as  a  function  of  the  number  of  cases  and  on  determining  how  many  cases  are  ’’enough  . 

The  aim  of  this  study  is  to  evaluate  the  influence  of  learning  on  performance  of  a  specific  case 
based  reasoning  system,  and  if  possible  to  develop  general  guidelines  for  such  evaluation.  The 
focus  here  is  to  evaluate  performance  of  an  available  CBR  application  rather  than  developing 
one. 

As  a  testbed,  we  adopted  a  Case-based  reasoning  system  for  predicting  garment  size  devel¬ 
oped  for  an  ongiong  project  at  Clemson  Apparel  Research  Center.  The  system  has  about  4000 
cases  of  body  measurement  of  soldiers  together  with  the  garment  size  issued.  These  cases  are 
used  to  predict  the  garment  size  for  a  given  body  measurement 

The  rest  of  this  paper  is  organized  as  foUows:  Chapter  2  gives  an  overview  of  Case-based  rea¬ 
soning,  Chapter  3  explains  the  ReMind  interactive  development  shell  and  how  the  knowledge 
base  is  built  using  that  sheU ,  Chapter  4  describes  the  testing  strategy,  the  test  runs  and  results. 
Chapter  5  gives  the  conclusion  and  future  work. 
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Chapter  2 


Case  Based  Reasoning 


It  is  known  that  humans  rely  on  past  experiences  to  make  decisions.  It  seems  natural  to  adapt 
the  same  strategy  to  solve  problems  using  computers.  Such  strategy  is  called  Case  Based 
Reasoning  (CBR).  A  case  is  a  set  of  attributes  that  describes  the  problem  and  its  solution.  In 
CBR,  the  computer  uses  relevant  stored  or  ‘remembered’  cases  to  solve  a  new  problem  case. 
Instead  of  following  an  algorithmic  approach  to  solve  a  problem,  a  case  based  reasoner  will 
obtain  a  case  of  similar  problem  that  has  been  solved  successfully  in  the  past  and  adapt  the 
solution  to  the  existing  problem.  After  validating  this  solution  and  fine  tuning  it,  this  new 
solution  is  again  stored  and  becomes  one  of  the  ‘remembered’  cases,  thus  acquiring  new 
knowledge.  This  cycle  can  continue  forever  in  fields  with  widely  varying  problems,  or  it  can 
be  stopped  after  the  knowledge  base  is  sufficient  to  handle  any  new  case  without  adaptation. 
This  method  of  applying  CBR  is  called  a  problem  solving  CBR.  CBR  can  also  be  used  to 
analyze  the  problem  case  by  comparing  it  with  similar  previous  cases  as  in  legal  or  medical 
precedents.  A  solution  can  not  necessarily  be  derived  from  previous  cases,  but  a  pro/con 
report  can  be  generated  for  each  attribute  of  the  problem  case.  Hus  method  is  called  inter¬ 
pretive  CBR.  The  size  prediction  project  uses  problem  solving  CBR. 

Advantages  of  the  CBR  are  many.  The  main  advantage  pertaining  to  this  project  is  that 
acquiring  the  knowledge  base  or  ‘learning’  can  be  fairly  uncomplicated.  Much  of  the 
knowledge  needed  is  in  the  form  of  ‘cases’.  Thus  no  special  knowledge  engineering  is 
required.  The  other  advantages  are:  ease  of  generating  explanations,  ability  to  see  and  avoid 
past  mistakes,  capability  of  focusing  in  on  the  most  important  parts  of  the  problem  first  etc. 

The  steps  needed  for  a  successful  Case  based  reasoning  system  are:  acquiring  and  storing  a 
large  knowledge  base,  organizing  or  indexing  the  knowledge  base  for  easy  retrieval,  retrieving 
relevant  cases  quickly,  adapting  the  retrieved  case  for  the  problem  case  and  updating  the 
knowledge  base  with  the  new  case.  The  following  sections  explain  the  process  in  detail. 
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2,1  Obtaining  the  memory:  Storing  past  cases 

The  performance  of  a  CBR  system  depends  on  its  knowledge  base.  So  it  is  important  to 
have  a  good,  consistent  and  valid  set  of  cases.  In  fields  like  law  or  medicine,  where  there  is  an 
existing  wealth  of  information  about  past  experiences,  this  task  of  acquiring  a  knowledge 
base  becomes  easy.  One  can  transform  the  library  of  cases  into  machine  readable  form 
quite  easily.  In  other  fields,  one  has  to  obtain  the  informaUon  graduaUy.  CBR  systems  make 
obtaining  the  information  very  natural.  One  can  start  with  a  very  small  knowledge  base.  As 
new  cases  are  solved  using  this  small  knowledge  base,  a  human  expert  can  examine  the 
soluUon  and  correct  the  solution  and  the  system  adds  this  new  solution  to  its  knowledgebase 
automaUcally.  In  other  words,  the  system  can  ’learn”.  This  learning  can  be  applied  to  fields 
with  established  case  libraries  as  well,  improving  the  quality  of  the  knowledge  base.  Since 
today’s  mass  storage  devices  are  very  inexpensive  and  fast,  storing  large  cases  is  not  a  big  con¬ 
cern.  But,  storing  them  in  a  fashion  that  facilitates  easy  retrieval  is  important.  The  following 
section  describes  the  storage  and  retrieval  issues. 


2.2  Indexing  and  Organizing 

The  huge  amount  of  data  acquired  needs  to  be  stored  in  a  fashion  that  is  easy  to  retrieve  and 
takes  a  minimum  of  space.  That  is,  the  data  needs  to  indexed  since  retrieving  is  essentially  a 
search  problem.  This  search  becomes  non-trivial  since  there  is  more  than  one  key  attribute 
in  each  case.  Hence  mulU-key  indexing  is  necessary.  If  the  knowledge  base  spans  a  wide 
variety  of  sub-fields,  it  needs  be  organized.  For  example,  in  case  of  legal  precedents,  a 
knowledge  base  might  include  auto  liability  cases  and  auto  injury  cases,  which  are  different 
from  each  other.  They  need  to  be  organized  appropriately  so  that  a  retrieval  in  one  field 
retrieves  cases  in  that  field  only  and  in  no  other  fields.  In  the  case  of  size  prediction,  the 
knowledge  base  is  homogeneous  and  organizing  is  not  a  problem. 

There  are  many  ways  to  index  a  knowledge  base.  The  programmer  (knowledge  base  builder) 
can  fix  the  indices.  But  this  will  make  the  system  unable  to  adapt  to  new  domains  and 
moreover,  in  some  fields,  the  indices  may  not  be  well  defined.  In  uniform  size  prediction 
there  are  no  well  defined  indices  to  index  the  knowledge  base.  Tliere  are  no  well  established 
rules  regarding  which  body  measurements  affect  each  garment  size.  Size  selection  depends 
more  or  less  on  the ’’judgement”  of  the  fitting  expert  and  may  not  depend  on  a  single  set  of 
measurements.  It  may  be  dependenton  ratios  of  some  measurements  such  as  weight  to  height. 
So  fixing  indices  is  not  suitable.  Inductive  learning  is  another  approach.  In  inductive 
learning,  the  CBR  program  clusters  the  knowledge  base  by  using  algorithms.  The  program 
analyzes  the  data  for  repetitive  patterns  and  builds  relationships  among  outcomes  and 
inputs.  Such  an  approach  is  independent  of  the  application  area  and  doesn’t  need  to  have 
defined  indices.  Some  clustering  algorithms  are  given  by  Hartigan  et  al[l]. 

The  commercial  development  shell  used  in  this  project,  ReMind,  uses  the  clustering 
approach.  The  particular  clustering  algorithm  used  is  proprietary  and  is  not  disclosed.  But 
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Figure  2.1  After  the  first  split 


the  algorithm  is  based  on  Direct  Splitting  and  Simultaneous  Clustering  and  Scaling  (See  [1, 
Pages  251-278, 299-312])  and  can  be  explained  as  follows. 

Some  fields  in  case  are  considered ’’match”  fields  and  are  to  be  designated  as  such  by  the 
programmer.  Only  those  fields  affect  the  outcome.  The  clustering  mechanism  splits  the  case 
library  into  groups,  based  on  the  values  of  the  match  fields  provided.  The  algorithm  considers 
every  value  of  every  match  field  m  the  library  as  a  possible  split  Then  it  will  evaluate  these 
splits  and  determine  which  split  does  the  best  job  of  separating  the  different  outcomes.  This  the 
splitthat  divides  the  whole  library  into  two  most  homogeneous  groups.  This  split  will  become 
a  node  in  the  cluster  (binary)  tree  with  the  two  groups  or  clusters  as  its  children.  The  clustering 
mechanism  will  continue  to  split  each  cluster  using  the  same  principle  recursively  until  the 
cluster  is  completely  homogeneous  or  there  are  too  few  number  of  cases  in  a  cluster  to  decide 
the  best  split  This  process  will  result  in  a  binary  tree  with  tests  ofmatch  fields  as  interior  nodes 
and  dusters  as  leaf  nodes.  Since  searching  a  binary  tree  is  0(log  n),  searching  is  very  fast 


The  following  example  will  make  the  principle  more  clear.  Consider  a  short  sleeve  shirt  size 
which  is  represented  as  a  real  number  ranging  from  12.5  to  18.5  as  the  outcome  field  and 
Height  Weight  Neck,  Chest  and  Waist  as  match  fields.  The  clustering  algorithm  makes 
splits  and  evaluates  each  cluster.  Suppose  it  decides  that  all  the  cases  with  Weight  less  than  or 
equal  to  150  will  make  one  cluster  and  all  others  the  other  cluster,  making  the  cluster  look  as  in 
Figure  2.1.  The  clusters  have  been  selected  such  that  the  sizes  are  generally  larger  in  one  cluster 
than  in  the  other. 

Then  the  clustering  algorithm  does  the  same  thing  with  Cluster  1  and  Cluster  2.  Suppose 
Neck  less  than  or  equal  to  15  decides  the  best  split  for  Cluster  1  and  Neck  less  than  or  equal  to  16 
for  Cluster  2.  Then  the  cluster  tree  looks  as  shown  in  Figure  2.2.  The  clustering  process 
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Figure  2.2:  After  second  split 


continues  on  resulting  clusters  until  the  clusters  becomes  homogeneous  i.e.  same  outcome  for 
all  cases  in  that  cluster  or  there  are  too  few  cases  in  the  cluster 


The  clustering  procedure  can  be  done  without  any  human  interaction.  But  for  best  results 
in  fields  where  the  rules  are  well  defined,  a  human  expert  can  transfer  some  of  his/her 
knowledge  to  the  clustering  algorithm  by  using  a  Q-Model.  In  a  Q-Model,  a  person  can 
set  precedence  of  match  fields  thus  changing  the  evaluation  criteria. 

The  above  process  describes  the  indexing  method  of  ReMind.  ReMind  also  has  the 
capability  to  organize  the  case  base  by  using  prototypes.  A  human  expert  has  to  express 
domain- specific  knowledge  as  a  prototype.  It  is  like  screening  the  cases  before  clustering. 
For  example  organizing  bank  loans  into  cases  related  to  business  loans  in  one  cluster  and 
all  cases  related  to  car  loans  in  other  cluster. 


2.3  Retrieving  and  Matching 

The  whole  point  of  Case  Based  Reasoning  is  retrieving  a  case  that  is  similar  to  a  problem 
case.  Many  different  algorithms  exist  for  retrieving  relevant  cases.  By  using  the  indexing 
method  discussed  m  above  section,  retrieving  relevant  cases  becomes  trivial.  One  can 
retrieve  case(s)  just  by  following  the  tree  performing  appropriate  tests  at  each  node  to 
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choose  which  branch  to  take.  This  search  ultimately  leads  to  a  leaf  cluster.  The  leaf  cluster 
can  either  consists  of  cases  with  same  outcome  in  which  case  the  resultis  clear  or  it  may  contain 
cases  with  mixed  outcomes. 

More  often  than  not,  one  arrives  at  a  mixed  cluster.  So  the  most  similar  case  needs  to  be  retrieved 
from  this  leaf  cluster  to  determine  the  most  similar  case.  This  is  where  matching  comes  into 
picture.  Matching  is  a  process  in  which  cases  are  compared  using  some  measure  giving  each 
case  ‘similarity  score’.  The  case  with  highest  similarity  score  will  be  the  case  that  closely 
matches.  There  are  many  ways  to  calculate  the  similarity  scores.  And  in  some  instances  such 
as  legal  precedents,  where  a  case  is  mostly  textual,  it  might  be  very  difficult  to  evaluate  the 
case. 

ReMind  uses  a  statistical  method  called  Nearest  Neighbor  Matching.  For  each  field  in  the 
case,  a  value  between  0  and  100  is  assigned  based  on  the  mean  and  standard  deviation 
calculated  for  the  field  across  the  library.  Then  the  absolute  value  of  the  difference  between  the 
input  field  and  the  examined  field  is  calculated  and  subtracted  from  100  to  determine  the 
similarity  score  for  the  examined  case  field.  The  programmer  has  to  assign  ‘weights’  to  each 
relevant  field  based  on  how  important  the  filed  is  in  determining  the  outcome.  The  total 
similarity  score  of  the  case  is  determined  by  multiplying  each  field’s  similarity  score  and  the 
weightofthatfield,  and  taking  the  average  of  the  products.  The  higher  the  similarity  value  the 
closer  the  retrieved  case  is  to  the  problem  case. 

ReMind  allows  this  nearest  neighbor  method  to  be  used  on  an  entire  library  as  well  as  on  a 
retrieved  mixed  cluster.  Since  the  algorithm  is  0  («^),  where  n  is  number  of  cases  in  the 
cluster,  applying  this  to  entire  library  is  costly  and  may  not  be  practical  if  the  library  is  large. 
But  to  select  the ‘best’ case  from  a  mixed  cluster  one  can  quickly  apply  the  neared  neighbor 
algorithm. 


2.4  Adapting  the  retrieved  case 

The  retrieved  case  may  not  have  the  exact  same  input  fields  as  the  problem  case.  In  some 
instances,  it  might  be  possible  to  slightly  adjust  the  outcome  value  obtained  retrieved  case  by 
using  formulas  or  other  techniques.  For  example  in  real  estate  if  the  input  house  has  3  bath 
rooms  and  the  retrieved  case  has  only  2  bath  rooms,  it  is  necessary  to  add  some  dollar  amount 
to  the  total  price.  This  technique  is  called  adaptation,  and  it  uses  formulas.  In  some  fields 
where  outcomes  are  not  quantities  that  can  be  managed  by  formulas,  more  complex  methods 
may  be  needed.  A  human  exert  must  determine  the  adaptation  scheme.  In  the  size  prediction 
project  adaptation  is  not  applied  because  there  is  no  human  expert  available  with  sufficient 
domain  knowledge. 
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2.5  Updating  the  memory  with  new  cases 

One  of  the  strengths  of  Case  Based  Reasoning  is  the  ability  to  ‘learn’.  This  ability  is  acquired  by 
storing  the  new  fine-tuned  and  solved  cases  in  the  Library.  Storing  a  new  case  might  require 
partial  or  complete  re-indexing  of  the  library.  In  some  cases,  updating  may  not  be  necessary 
when  the  case  base  is  large  enough  to  handle  any  input  case  without  the  need  for  adaptation.  In 
other  cases,  where  fast  response  is  needed,  it  may  not  be  practical  to  update  the  case  base  with 
each  new  case.  However,  a  batch  updating  may  prove  to  be  more  practical  in  such  cases. 
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Chapter  3 


Building  the  knowledge  base 


3.1  TheReMindSheU 

ReMind  is  a  case-based  reasoning  development  shell  developed  by  Cognitive  Systems  Inc. 
The  ReMind  shell  is  a  development  environment  with  graphical  user  interface  based  on 
Microsoft  Windows  (Macintosh  and  XU  versions  are  also  available).  ReMind  is  capable  of 
doing  aU  the  required  steps  explained  m  the  previous  chapter.  It  has  facilities  to  define  a  case 
base,  to  build  a  case  base,  to  index  and  organize  it,  to  interactively  retrieve  and  to  adapt  the 
results.  ReMind  also  has  facilities  to  import  data  stored  in  ASCII  form  and  to  present  cases  in 
customized  forms. 

The  ReMind  development  environment  consists  of  nine  editors:  field  editor,  symbol  editor, 
formula  editor,  case  editor,  importance  editor,  cluster  editor,  q-model  editor,  data  import  editor 
and  form  editor. 

The  first  step  in  building  a  case  base  is  to  define  all  the  attributes  in  a  case  which  is  done  in  the 
field  editor.  One  can  interactively  define  anew  field,  define  what  type  of  the  field  i.e.  integer, 
real,  symbol,  date  etc.  assign  default  values  and  other  optional  attributes. 

Many  real  world  problems  are  textual  in  nature.  But  processing  text  is  computationally 
intensive.  ReMind  has  a  data  type  called  symbol.  A  symbol  similar  to  an  enumerated  type  in  C 
or  Pascal.  In  many  cases  textual  attributes  like  sizes  and  city  names  can  be  represented  as 
symbols.  Internally  symbols  are  treated  as  numbers  making  symbols  easy  to  process,  nie 
Symbol  editor  lets  the  programmer  define  the  symbols  used  in  the  knowledge  base.  The 
symbols  are  defined  in  a  hierarchical  manner.  For  example  a  symbol  Garage-TVpe  might 
have  One-Car,  Two-Car,  Three-Car  and  No-Garage  as  its  children.  So  in  place  of  Garage- 
lype  one  can  use  any  of  the  later  symbols.  Also,  one  can  enter  ranking  information  into  the 
symbol  hierarchy  using  the  symbol  editor,  making  the  symbols  ordered.  For  example  the 
symbols  Extra-Small,  Small,  Medium,  Large  and  Extra-Large  can  be  ordered  so  that 
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Figure  3.1:  Symbol  hierarchy 


Extra-Small  is  less  than  Small  and  so  on.  Then  symbols  can  be  used  in  comparisons.  Figure 
3.1  gives  an  ordered  symbol  hierarchy  used  in  this  project  to  represent  garment  lengths. 

Some  fields  in  the  case  might  be  calculated  from  other  fields.  The  Formula  editor  can  be  used 
to  define  formulas  using  a  graphical  user  interface.  Also  the  formula  editor  checks  the  validity 
of  a  formula  and  valid  type  mixing. 

The  Case  Editor  is  where  the  main  functions  of  building  a  case  library  are  performed.  One  can 
enter  data  into  cases,  perform  retrievals,  do  adaptation  etc.  All  the  fields  of  a  case  are  presented 
maform  filling  mdsintv.  One  can  input  data  into  the  case  by  making  a  ‘  New  case’,  and  typing 
in  the  form. 

In  indexing  the  case  library,  the  system  needs  to  know  the  outcome  field  and  all  the  relevant 
"match”  fields.  The  Importance  Editor  can  be  used  to  designate  these  attributes.  Also  in  near¬ 
est  neighbor  matching,  each  relevant  field  needs  to  have  weights.  Assigning  weights  also  can 
be  done  in  the  importance  editor.  Each  set  of  weights  is  called  a  Weight  Vector. 

The  Cluster  Editor  is  used  to  index  the  case  library.  Once  the  cluster  tree  is  built,  the  cluster  edi¬ 
tor  will  show  the  cluster  tree  in  a  graphical  manner.  That  graphical  representation  can  be  used  to 
selectively  re-cluster  parts  ofthe  cluster  tree.  Knowledge  guided  induction  or  clustering  can 
be  performed  by  using  Q-Models  and  Prototypes. 

The  Q-Model  Editor  can  be  used  to  represent  a  human  expert’s  knowledge  graphically. 
This  Q-Model  can  be  used  in  the  clustering  process  to  do  knowledge  guided  induction. 
Also,  prototypes  (front  end  screener)  can  be  built  using  the  (J-Model  editor. 
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Many  times,  the  data  that  is  needed  for  building  a  case  library  is  available  in  a  machine  read¬ 
able  data  base.  Usually  that  data  can  be  obtained  in  ASCII  files.  The  Data  Import  Editor  can 
be  used  to  import  the  data  into  the  case  library  eliminating  the  need  for  re-keying  the  data. 
Conversions  from  one  form  to  other  eg.  integer  to  real  can  be  specified  in  this  editor.  Also, 
converting  text  into  symbols  can  be  done. 

The  Form  editor  can  be  used  to  create  customized  forms  for  case  presentation.  These  custom¬ 
ized  forms  are  useful  in  highlighting  important  information  and  hiding  unnecessary  details. 

A  case  library  can  have  more  than  one  view.  Each  view  can  have  only  one  cluster  tree.  The 
Weight  Vector  can  be  view  specific  or  it  can  be  present  in  all  views.  Since  a  cluster  tree  is  based 
on  outcome  field,  and  only  one  cluster  tree  can  exist  in  one  view,  only  one  outcome  field  can 
be  specified  in  one  view.  So  if  there  is  more  than  one  independent  outcome  fields,  different 
views  have  to  be  used. 

There  are  three  kinds  of  case ’’dispositions’ in  ReMind:  stored,  un-stored  and  hypothetical. 
Stored  cases  are  ReMind ’s  ’’memory”.  They  are  previously  solved  cases  and  they  are  used 
to  build  cluster  trees  and  are  compared  in  nearest  neighbor  matching.  Un-stored  cases  are 
also  solved  cases.  But  un-stored  cases  are  reserved  for  testing  purposes.  That  is,  after  index¬ 
ing  the  library,  one  can  retrieve  using  an  un-stored  case  as  a  problem  case  and  compare  the 
retrieved  results  with  actual  values  in  the  case.  ReMind  provides  an  automatic  testing  func¬ 
tion.  By  using  this  function,  retrieval  can  be  done  using  all  un-stored  cases  and  calculate  the 
percentage  of  success.  Hypothetical  cases  are  unsolved  problem  cases. 

Initially  all  solved  cases  m  ReMind  are  un-stored  cases.  In  each  view,  dispositions  can  be  set 
randomly  to  reserve  a  certain  percentage  as  un-stored  cases. 


3.2  ReMind  ’C’  Library 


The  case  base  developed  using  the  development  shell  can  be  accessed  interactively  from 
within  the  development  shell.  However,  to  achieve  faster  responses,  to  use  a  customized  user 
interface  to  do  a  number  of  predictions  automatically  etc.  requires  the  C  libraries.  Cognitive 
Systems  provides  a  Windows  Dynamic  Link  Library(DLL)  for  accessing  the  knowledge 
base  using  the  ReMind  shell.  However,  there  are  certain  limitations  to  this  C  library.  One  can 
‘access’ the  knowledge  base,  but  can  not ‘modify’  it.  That  is,  one  can  not  re-index  theknowl- 
edge  base  using  the  C  library.  This  C  library  consists  of  an  API  (  Application  Program  Inter¬ 
face)  of  function  calls  that  can  be  used  to  perform  almost  any  retrieval  operation.  These  func¬ 
tions  can  be  called  from  any  C/C+-t  program  to  do  retrievals  from  the  case  library. 
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Field  Name 

B89i 

Description 

Case  Number 

Integer 

Unique  ID  for  each  case. 

Measurements; 

Height 

Weight 

Neck 

Chest 

Waist 

Hips 

Sleeve 

Integer 

Integer 

Real 

Real 

Real 

Real 

Real 

Height  of  the  person  in  inches 

Weight  of  the  person  in  lbs 

Neck  measurement  of  the  person  in  inches 

Chest  measinement  of  the  person  in  inches 

Waist  measurement  of  the  person  in  inches 

Hips  measiuement  of  the  person  in  inches 

Sleeve  measurement  of  the  person  in  inches 

Sizes: 

Short  Sleeve  Shirt  Size 

Long  Sleeve  Shirt  Size 

Long  Sleeve  Shirt  Sleeve 

Trouser  Size 

Trouser  Length 

Green  Coat  Size 

Green  Coat  Length 

Black  Coat  Size 

Black  Coat  Length 
_ _ _ 

Real 

Real 

Integer 

Integer 

Symbol 

Integer 

Symbol 

Integer 

Symbol 

Size  of  Short  Sleeve  Shirt  12.5  -  18.5 

Size  component  of  Long  Sleeve  Shirt  12.5  -  18.5 
Sleeve  component  of  Long  Sleeve  Shirt  25-45 
Size  component  of  Trouser  25  -  45 

Length  component  of  Trouser  {  XS,  S,  R,  L,  XL} 
Size  component  of  Green  Coat  2.5  45 

Length  component  of  Green  Coat  {XS,  S.  RJ.^  XL; 
Size  component  of  Black  Coat  25  -  45 

Length  component  of  Black  Coat  {XS,  S,  R,  L,XL; 

l^ble  3.1:  Field  Definitions 


3.3  Building  the  knowledge  base 

Initially,  we  had  decided  to  use  the  knowledge  base  built  for  a  previous  research  at  Oemson 
Apparel  Research  Center.  But  for  additional  control  over  each  record,  we  had  to  improvise  upon 
the  knowledge  base.  A  new  knowledge  base  was  built  based  on  the  existing  one. 


3  J.l  Defining  a  Case 

The  first  step  in  building  a  knowledge  base  is  to  define  a  case  using  the  field  editor.  Table  3.1 
describes  different  fields  and  their  types. 

Notice  that  Long  Sleeve  Shirt,  Trouser,  Green  Coat  and  Black  Coat  sizes  arc  divided  into 
two  parts  each.  That  is  because,  the  two  parts  are  not  exactly  dependent  on  the  same  factors 
and  have  to  be  predicted  separately.  For  example,  Trouser  Size  is  mostly  dependant  on  body 
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build,  waist  and  hips  where  as  Trouser  Length  is  dependant  on  height  Also  size  is  numeric 
and  length  is  a  symbol.  So  they  are  separated  into  two  fields. 


3J.2  Obtaining  the  data 

Any  case  library  needs  a  good  set  of  solved  cases  as  its  ’’memory”.  In  this  project  these 
solved  cases  are  obtained  as  follows.  At  the  Fort  Jackson,  SC  Army  base,  approximately 
600  soldiers  per  week  are  fitted  by  human  experts.  An  army  standard  form  is  used  to  record 
measurements  and  garment  sizes  of  each  soldier.  With  the  co-operation  of  the  Clothing 
Initial  Issue  Point  at  Fort  Jackson,  the  team  working  on  another  ongoing  research  at  Clemson 
Apparel  Research  Center,  was  able  to  obtain  copies  of  these  forms.  Approximately  4000 
forms  were  obtained.  With  the  help  of  people  at  aemson  Apparel  Research,  those  4000 
forms  were  converted  into  dBase  (A  PC  based  database)  records.  Each  record  consists  of  all 
the  data  needed  for  each  case  i.e.  measurements  and  garment  sizes.  After  obtaining  all  the 
4000  records,  a  dBase  program  was  written  by  the  project  team  to  weed  out  bad  cases  result¬ 
ing  from  typographical  errors.  These  cases  were  then  shuffled  randomly  to  eliminate  any  par¬ 
ticular  kind  of  ordering  in  them.  DBase  records  can  be  exported  to  standard  ASCII  files.  Since 
only  ASCn  data  can  be  imported  into  ReMind,  exactly  4056  records  were  exported  into  an 
ASCII  file. 

Symbols  XS,S,R,L,XL  were  defined  using  the  symbol  editor  and  they  were  ordered  so  that 
XS<S<R<L<XL.  In  Data  Import  editor,  conversion  formulas  were  defined  to  convert  from 
ASCII  data  to  integers,  reals.  Lengths  like  XS,  S,  R,  L,  XL  were  converted  into  symbols 
previously  defined. 


3J.3  Organizing  Views 

As  stated  earlier,  each  view  can  contain  only  one  outcome  field  thus  requiring  one  view  per 
component  of  garment  to  predicted.  So  after  importing  the  data  into  the  case  library,  nine 
views  were  defined  corresponding  to  the  nine  garment  components  namely;  Short  sleeve 
shirt  size.  Long  sleeve  shirt  size.  Long  sleeve  shirt  sleeve.  Trouser  size.  Trouser  length.  Green 
coat  size.  Green  coat  length.  Black  coat  size  and  Black  coat  length.  In  each  view,  dispositions 
of  first  100  cases  (the  test  cases)  were  left  to  hypothetical  and  of  the  rest  were  set  to  un-stored 
(discussed  in  detail  in  next  chapter).  These  hypothetical  cases  were  tested  against  rest  of  the 
library. 
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Weight  Vectors  for  each  outcome  field 

HZl 

1  Weights  1 

Weieht  Vector 

Heisht 

Weight 

Neck 

Chest 

Waist 

Hins 

Sleeve 

Short  Sleeve  Shirt  Size 

1 

16 

16 

8 

1 

0 

16 

Long  Sleeve  Shirt  Size 

1 

16 

16 

8 

1 

0 

0 

Long  Sleeve  Shirt  Sleeve 

8 

16 

4 

1 

1 

0 

0 

Trouser  Size 

0 

8 

0 

0 

16 

16 

0 

Trouser  Length 

16 

8 

0 

0 

8 

8 

0 

Green  Coat  Size 

1 

16 

16 

8 

1 

0 

16 

Green  Coat  Length 

1 

8 

2 

2 

2 

2 

0 

Black  Coat  Size 

1 

16 

16 

8 

1 

0 

16 

Black  Coat  Length 

1 

8 

2 

2 

2 

2 

0 

Table  3.2:  Weight  Vectors 


3^.4  Clustering 

The  next  step  in  building  a  case  library  would  be  to  index  the  data.  As  explained  in  the 
previous  chapter,  ReMind  uses  Clustering  to  index  data.  There  are  nine  garment  components 
to  be  predicted.  So  nine  different  cluster  trees  should  be  built  in  nine  different  views.  An 
outcome  field  and  all  the  match  fields  affecting  the  outcome  field  needs  should  be  defined  for 
each  cluster  tree.  The  importance  editor  should  be  used  to  designate  the  fields  in  each  view. 
Building  cluster  tree  can  be  done  in  the  cluster  editor.  This  project  used  Nearest  Neighbor 
search  instead  of  Inductive  search  (for  reasons  explained  in  next  chapter).  Nearest  Neighbor 
search  uses  only  Weight  Vectors  (and  no  cluster  trees).  So  no  cluster  tree  was  built  for  this 
knowledge  base. 


3  J.5  Preparing  for  nearest  neighbor  match 

For  doing  nearest  neighbor  match,  a  Weight  Vector  needs  to  be  defined.  A  weight  vector  is 
a  set  of  weighing  attached  to  each  relevant  field.  Since  each  garment  component  has 
different  relevant  fields,  different  weight  vectors  need  to  be  defined.  This  is  done  in  the 
importance  editor.  Each  field  can  be  given  a  weight  of  0,2,4,8  or  16.  A  weight  of  4  is  twice  as 
important  as  a  weight  of  2  and  so  on.  Table  3.2  describes  weight  vectors  in  the  case  library. 
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3.3.5  Preparing  for  template  retrieval 


In  addition  to  Inductive  and  Nearest  Neighbor  retrieval,  cases  can  also  be  retrieved  by  Ifemplate 
retrieval.  Template  retrieval  is  akin  to  a  simple  conditional  search  based  on  a  Tfemplate,  A  Tem¬ 
plate  is  a  list  of  specific  criteria  for  retrieving  cases  in  ReMind.  For  instance  a  template  might 
say:  ‘Trouser  Size  >-25  AND  Black  coat  length -S’.  A  search  on  this  template  comes  up  with 
aU  the  cases  satisfying  both  the  condition  -  Trouser  Size  greater  than  or  equal  to  25  and  Black 
coat  length  equal  to  Small. 

Template  retrieval  was  extensively  used  to  change  the  number  of  stored  cases  in  the  library. 
Several  templates  were  declared  on-the-fly  depending  on  the  need  of  the  tests  performed  on  the 
library.  Atemplatecanbedefinedbyusing'NewTfemplate’optionintheCaseeditormenu.  The 
templates  used  in  this  project  were  defined  to  retrieve  a  different  set  of  cases  based  on  their  case 
number.  All  of  them  had  a  form:  ‘Case  Number  >x  AND  Case  Number  <-/  where  x  and  y 
were  some  integers  between  1  and  4056.  The  templates  were  named  'x  to  y'  where  x  and  y 
were  integers  used  in  that  template.  Template  retrieval  was  used  only  to  make  different  sets  of 
cases,  not  for  prediction. 


3.4  Verifying  the  library 

Once  the  library  is  built,  it  can  be  used  for  retrieval.  But  there  are  many  ways  it  can  be  used. 
One  can  do  a  simple  inductive  retrieval  or  simple  nearest  neighbor  match.  Simple  inductive 
retrieval  can  yield  a  mixed  cluster  where  more  than  one  outcome  is  retrieved.  Since  this 
library  doesn’t  have  any  cluster  trees  built,  inductive  retrieval  was  not  possible. 

A  preliminary  test  on  the  library  was  performed  by  simple  nearest  neighbor  search  through  the 
ReMind  interactive  shell.  A  case  was  randomly  selected  from  the  hypothetical  cases  and  a  near¬ 
est  neighbor  search  was  performed  using  one  of  the  defined  weight  vectors.  The  results  were 
checked  intuitively  and  were  cross-checked  with  the  results  obtained  from  the  knowledge  base 
from  a  previous  research  (mentioned  in  section  3.3).  Several  such  retrievals  were  performed 
using  different  weight  vectors.  All  results  were  found  satisfactory.  The  library  is  now  ready  for 
the  final  test 
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chapter  4 


Testing  the  knowledge  base 


This  chapter  describes  the  procedure  used  to  evaluate  CBR  systeni  learning.  It  includes  results 
for  the  knowledge  base  built  using  the  ReMind  interactive  shell.  Also,  it  describes  the  test  pro¬ 
gram  which  uses  the  ReMind  C  libraries. 

To  evaluate  the  influence  of  learning  on  performance  of  the  system,  the  basic  function  of  the  test 
procedure  were  as  follows:  Selectan  outcome  field,  for  instance ‘Shortsleeveshirtsize’.  Mark 
a  certain  number  of  cases  as  test  cases  and  keep  them  separate  from  the  rest  of  the  library.  These 
cases  cannot  be  marked  as  stored  and  should  not  participate  in  prediction  process.  Mark  some 
cases  as  ‘stored’  from  the  rest  of  the  library  and  perform  prediction  for  each  of  the  test  cases 
against  these  stored  cases  (let’s  call  this  one  run  of  prediction).  Increase  the  number  of  stored 
cases  in  the  library  and  perform  another  run  of  prediction.  Repeat  the  prediction  runs  with  in¬ 
creasing  number  of  stored  cases  until  a  run  is  performed  with  all  the  cases  in  the  library  marked 
‘  stored’ .  Record  all  the  results  and  repeat  the  entire  procedure  for  another  outcome  field.  Figure 
4. 1  gives  the  algorithm  for  the  test  procedure. 


4.1  Design  of  the  testing  system 

From  the  very  beginning,  the  testing  system  was  designed  to  completely  automate  the  test  pro¬ 
cedure  thus  reducing  chances  of  human  error.  This  however  required  use  of  some  tool  other  than 
the  ReMind  Interactive  Shell.  Cognitive  Systems  provides  a  Windows  Dynamic  Link  Library 
(DLL)  for  accessing  the  knowledge  base  built  using  the  interactive  shell.  The  DLL  really  con¬ 
sists  of  C/C++  libraries  with  an  array  of  API  (Application  Program  Interface)  function  calls  to 
perform  various  operations  on  the  knowledge  base. 
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•  Initialize  the  Library,  make  a  list  of  hypothetical  cases  -  the  test  cases. 

•  Select  first  template  in  the  library. 

•  While  template  exists  DO 

•  Make  list  of  cases  using  this  template  -  the  list  of  active  cases  in  the  library. 

•  Open  a  new  file  for  the  results  for  this  template. 

•  For  each  of  the  test  cases  DO 

•  Perform  a  nearest  neighbor  search  from  the  active  case  list. 

•  Vote  on  these  nearest  neighbors  and  pick  out  the  top  three  outcomes. 

•  Write  the  results  in  the  opened  file. 

•  End  DO. 

•  Close  the  results  file. 

•  Select  next  template. 

•  End  DO. 

•  Close  the  Library. 

Figure  4.1:  Test  Procedure  Algorithm 


Although  these  API  functions  provide  fairly  complete  control  over  the  knowledge  base,  there 
are  functions  that  can  be  performed  only  through  the  interactive  shell  and  not  through  the  API. 
For  instance  one  could  add  knowledge  to  the  knowledge  base  or  change  the  status  of  cases  to 
‘stored’  or  ‘un-stored’  but  cannot  re-index  (or  re-cluster)  the  knowledge  base  using  the  API 
library. 


4.1.1  The  Search  strategy 

The  limitations  of  the  API  posed  some  problem  in  the  testing  system  design.  Inductive  retrieval 
requires  clustering  (or  indexing)  to  perform  search.  For  new  knowledge  to  come  into  effect, 
re-indexing  must  be  performed  before  an  inductive  retrieval.  This  means  for  inductive  search, 
every  time  new  knowledge  is  added  into  the  system  the  knowledge  base  must  be  re— indexed — a 
process  possible  only  through  the  interactive  shell. 


20 


Ail  alternative  to  inductive  search  is  nearest  neighbor  search.  Although  nearest  neighbor  search 
may  yield  results  better  than  inductive  search,  since  it  exhaustively  searches  the  entire  case  li¬ 
brary,  applying  it  to  large  libraries  is  very  time  consuming  and  impractical  for  commercial  ap¬ 
plications.  However,  we  selected  this  time  consuming  procedure  because  with  it  we  could  set 
up  a  testing  system  which  could  operate  in  a  batch  mode,  conducting  anumberof  test  runs  with¬ 
out  human  intervention. 


4.1.2  Test  cases 

The  system  requires  setting  aside  a  set  of  test  cases  that  would  not  be  a  part  of  the  case  library. 
The  first  100  cases  in  the  library  were  chosen  to  be  the  test  cases.  To  avoid  any  kind  of  biasing, 
records  in  the  data  file  were  randomly  sorted  before  importing  them  in  the  knowledge  base. 
Then  we  chose  the  first  100  consecutive  cases  as  the  test  cases.  Thus  the  test  cases  were  random¬ 
ly  selected. 


4.1.3  ‘Adding  knowledge’  to  the  knowledge  base 

To  test  learning,  the  system  must  ‘add  knowledge’  to  the  knowledge  base  after  each  prediction 
run.  But  instead  of  physically  adding  knowledge  to  the  knowledge  base  each  time,  we  used  a 
simpler  and  more  efficient  procedure.  All  the  cases  were  added  to  the  knowledge  base  when  it 
was  initially  built  using  the  interactive  shell.  At  run-time,  instead  of  using  all  the  cases  avail¬ 
able  in  the  knowledge  base  for  prediction,  the  system  selectively  makes  a  list  of  cases  from  the 
available  cases  and  performs  the  prediction  run  only  on  that  list.  For  successive  runs,  the  num¬ 
ber  of  cases  in  this  list  is  increased  the  procedure  is  repeated. 

This  procedure  required  some  mechanism  to  select  a  list  of  cases  to  be  active  in  the  library  just 
by  specifying  how  many  cases  we  want  This  was  accomplished  by  using  template  retrieval 
over  the  field ‘Case  Number’.  Case  Number  is  a  unique  integer  (starting  from  land  increments 
of  1)  serving  as  the  ID  for  a  case.  To  make  a  list  of  100  cases  for  instance,  we  use  the  template 
‘CaseNumber>  100  AND  Case  Number  <- 200’  (because  first  100  cases  are  the  test  cases !). 
Similarly  for  making  a  case  list  of 500  cases,  we  use  template ‘Case  Number  >  100  AND  Case 
Number  <=  600’. 

The  API  posed  no  significant  limitation  on  declaring  templates  dynamically,  but  we  chose  to 
pre-defme  all  the  templates  through  the  interactive  shell  for  ease  of  programming.  It  is  only  a 
one  time  job  anyway. 
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4.1.4  User  Interface 


Since  there  was  no  human  interaction  required,  the  test  procedure  has  no  user  interface  module. 
All  input  is  given  through  command  line  parameters  and  aU  results  are  written  in  data  files. 
However,  the  system  does  display  on  screen  a  progress  report  to  show  what  point  in  execution  it 
is  at  currently.  This  was  important  since  a  typical  set  of  runs  for  one  outcome  field  lasted  any¬ 
where  between  20  to  33  hours. 

During  a  set  of  runs,  the  system  opened  (and  closed)  a  new  file  for  each  run.  This  was  done  for  a 
couple  of  reasons:  first,  to  keep  the  results  of  each  run  separate,  and  second,  to  make  available 
partial  results  of  a  set  even  if  the  system  crashed  amidst  a  set 

The  command  line  input  parameters  for  the  system  included:  library  name  (knowledge  base  to 
work  on),  view  name  (case  disposition  and  outcome  field  are  dependent  on  view),  and  weight 
vector  name  (to  perform  nearest  neighbor  search).  For  our  tests,  we  used  two  variants  of  the  test 
program:  one  which  finds  5  nearest  neighbors  for  each  case,  and  second  which  finds  10  nearest 
neighbors. 


4.2  Results 

A  single  set  of  results  for  an  outcome  field  typically  contained  results  from  1 9  prediction  runs  - 
each  for  a  different  number  of  stored  cases  in  the  knowledge  base;  and  a  single  prediction  run 
produced  the  result  of  prediction  for  each  of  the  100  test  cases.  The  prediction  for  each  of  the 
cases  included  the  case  number,  actual  size,  and  predicted  size  (of  the  garment  in  consideration). 
Instead  of  making  a  single  prediction,  the  system  votes  among  5  (or  10)  nearest  neighbors  and 
depending  on  the  vote,  comes  up  with  three  choices  -  first,  second  and  third  predictions.  Hie 
results  from  each  of  these  test  runs  were  summarized  to  show  how  many  of  prediction  1 ,  predic¬ 
tion  2  and  prediction  3  matched  the  actual  size  and  how  many  predictions  were  outright  misses. 

Figure  4.2  shows  the  summarized  results  for  outcome  field  ‘Short  Sleeve  Shirt  Size’ .  The  first 
column  is  the  test  run  number;  the  second  column  is  the  number  of  cases  in  the  knowledge  base 
for  this  run;  third,  fourth  and  fifth  columns  are  number  of  correct  predictions  for  prediction  1 , 
prediction  2  and  prediction  3  respectively;  and  the  last  column  shows  how  many  predictions  are 
outright  misses.  Figures  4.3  and  4.4  are  charts  for  data  in  figure  4.2;  Figure  4.5  is  same  as  fig 

4.3  with  the  difference  that  it  is  split  in  two  parts  and  plotted  on  true  scale.  Figure  4.6  -  4.9  are 
corresponding  figures  for  outcome  field  ‘Trouser  Size’. 

As  mentioned  earlier,  we  ran  the  test  program  in  two  variants:  one  which  finds  5  nearest  neigh¬ 
bors  and  second  which  finds  10  nearest  neighbors.  Since  the  results  we  obtained  were  similar, 
this  chapter  contains  results  only  of  predictions  with  5  nearest  neighbors.  See  appendix  B  for 
results  of  predictions  with  10  nearest  neighbors. 

In  general,  we  see  a  gradual  learning  in  the  system.  The  accuracy  of  prediction  increases  and  the 
number  of  outright  misses  decreases  as  the  number  of  cases  in  the  knowledge  base  increases. 
The  learning  is  more  quick  in  the  beginning  but  slows  down  as  the  knowledge  base  grows. 
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Figures  4.3  and  4.7  show  several  dips  in  the  curves.  Since  the  set  of  the  test  cases  is  the  same 
throughout,  and  since  additional  cases  were  added  to  the  knowledge  base  while  keeping  the  old 
ones,  one  would  not  expect  performance  to  ever  drop.  One  hypothesis  to  explain  this  phenome¬ 
non  is  the  inclusion  of  a  batch  of  bad  cases  to  the  knowledge  base.  For  instance  we  see  in  figure 
4.3  the  performance  suddenly  drops  and  the  number  of  misses  shoots  up  when  the  number  of 
cases  is  70.  This  suggests  that  a  batch  of  bad  cases  mighthave  been  added  to  the  knowledge  base 
while  increasing  its  size  from  50  to  70. 

In  figure  4.3  and  4.6,  the  curves  also  show  a  lot  of  wiggling.  This  can  be  explained  as  follows: 
In  most  of  the  cases,  the  first,  the  second  and  the  third  predictions  differ  by  avery  small  amount; 
for  instance  in  short  sleeve  shirt  size  prediction,  the  three  predictions  may  diffw  by  only  ±0.5 
sizes.  Garment  sizes  in  the  cases  were  selected  by  different  fitters.  Each  fitter’s  preference  for 
‘ease’  differs  thus  explaining  some  of  the  (small)  variation  in  garment  sizes  for  people  having 
the  same  body  measurements.  Since  each  individual’s  preference  in  wearing  slightly  larger  or 
smaller  garment  differs,  a  person  might  select  the  second  or  the  third  prediction  even  if  the  first 
prediction  is  a‘best  fit’.  Considering  this,  it  would  be  wise  to  estimate  the  system  performance 
by  sum  of  two  or  three  predictions  instead  of  by  just  any  one  of  them.  The  stacked  charts  in 
figures  4.4  and  4.8  show  that  the  cumulative  curves  are  smoother  than  their  non-cumul^ve 
counterparts. 

Another  interesting  observation  is  the  relatively  good  performance  of  the  system  even  at  a  very 
low  number  of  cases.  Figures  4.3  and  4.7  show  that  we  have  only  30%  misses  even  when  the 
knowledge  base  has  a  strength  of  just  5  cases.  This  could  be  very  domain-specific.  The  out¬ 
come  in  Short  Sleeve  Shirt  Size  has  a  range  of  12.5  -18.5  (in  increments  of  0.5).  Within  this 
range,  a  majority  of  the  cases  lie  between  13.5  —  16.0  (average  person).  Since  most  of  the  test 
cases  are  for  ‘average  people’  and  most  of  the  cases  stored  in  the  library  tend  to  be  for  average 
people  (even  when  there  are  only  a  few  cases),  there  is  a  good  chance  of  getting  a  correct  predic¬ 
tion. 

We  see  from  the  table  that  number  of  hits  for  prediction  1  never  went  above  67.  With  a  knowl¬ 
edge  this  big,  one  would  expect  a  better  performance  from  the  system.  However,  a  library  is 
only  as  good  as  the  data  on  which  it  is  built  Presence  of  bad  cases  can  seriously  affect  the  system 
performance.  In  fact  adding  a  few  bad  cases  to  a  library  can  actually  worsen  the  performance. 
There  could  be  several  factors  like  inaccurate  measurements,  variance  in  garment  tolerances  etc. 
contributing  to  the  shortcomings  in  the  cases.  These  limitations  are  discussed  in  detail  in  the 
next  chapter. 
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Summary  of  predictions  for 
Short  Sleeve  Shirt  Size 


Run# 

#of  Stored 
Cases 

#  Hits  for 
Prediction  1 

#  Hits  for 
Prediction  2 

#  Hits  for 
Prediction  3 

Outright 

Misses 

1 

5 

46 

23 

0 

31 

2 

10 

46 

32 

13 

9 

3 

20 

53 

26 

14 

7 

4 

25 

57 

23 

11 

9 

5 

30 

56 

29 

7 

8 

6 

40 

57 

29 

8 

6 

7 
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30 
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8 
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Figure  4.2 
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Learning  Curves 
for  short  sleeve  shirt  size  prediction 
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Figure  4.4 1  #  of  Stored  Casei 


Learning  Curve 

Short  Sleeve  Shirt  Size  raedici^n 

for  stored  cases  between  D  -  200 


Learning  Curve 

Short  Sleeve  Shirt  Size  predict 
for  stored  cases  between  400  -  4000 
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Summary  of  predictions  for 
TVouser  Size 
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Chapter  5 


Conclusion 


5.1  Limitations 

The  case  base  foundaUon  of  the  system  is  sound  but  the  system  does  not  show  a  smooth  learning 

curve.  However,  a  library  is  only  as  good  as  the  data  on  which  it  is  built  Presence  of  bad  cases 

could  seriously  affect  the  system  performance.  Fitting  is  a  very  subjective  field.  Several  factors 
contribute  to  the  shortcomings  in  the  cases  used  to  build  up  the  knowledge  base. 

1.  Measurements  are  not  always  accurate.  Sometimes  soldiers  with  little  training  take  the  mea¬ 
surements.  Professional  measurers  make  mistakes  because  they  operate  under  time  pressure 
and  get  tired  from  handling  several  hundred  soldiers  in  a  few  hours. 

2.  Measurements  are  not  consistent  Data  in  the  cases  was  produced  by  different  professionals 

and  soldiers  who  do  not  necessarily  employ  the  same  measurement  approach. 

3 .  The  measurements  in  the  cases  are  not  a  sufficient  basis  to  determine  garment  sizes.  Hiunan 
fitters  can  take  other  factors  into  account  when  selecting  sizes  for  try-on,  but  the  expert  sys¬ 
tem  is  limited  to  the  data  in  the  cases.  The  cases  themselves  suggest  the  insufficiency  of  the 
measurements.  There  are  situations  where  a  group  of  soldiers  all  have  almost  the  same  body 
measurements,  but  several  different  sizes  of  a  garment  were  issued  to  soldiers  in  that  group. 

4.  Variance  in  garment  tolerances  could  cause  inaccuracies.  This  variance  can  cause  problems 
whether  the  size  prediction  is  manual  or  automated.  Given  the  assumption  that  out-of-toler¬ 
ance  garments  are  exceptional,  the  cases  stored  in  the  expert  system  should  be  based  only  on 
issues  of  in-tolerance  garments.  Therefore  garment  tolerance  should  be  manuaUy  checked 
when  cases  are  gathered  to  calibrate  the  expert  system,  to  insure  data  in  the  cases  is  vaUd. 

The  system  might  actually  be  performing  better  than  what  it  appears  to  be.  In  the  research  re¬ 
ported  here,  the  system  performance  is  compared  to  that  of  a  human  expert  who  works  under 
time  pressure  and  monotony.  The  fitter  does  not  necessarily  issue  a  Tjest  fit  to  the  soldier.  So 
even  if  the  system  predicts  a  best  fit,  its  prediction  may  not  match  with  the  expert’s  selection  and 
therefore  in  this  research  it  would  be  considered  wrong. 
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5.2  Lessons  Learned 

The  project  turned  out  some  very  interesting  and  unexpected  results.  There  were  many  lessons 
learned  as  we  worked  on  this  project  I  gained  insight  on  working  of  case  based  reasoning  sys¬ 
tems  in  general  and  on  the  ReMind  expert  shell  specifically.  Programming  the  test  procedure 
helped  me  learn  the  runtime  interfacing  with  the  expert  system  shell  using  the  ReMind  API  (Ap¬ 
plication  Program  Interface).  A  more  challenging  experience  was  analyzing  the  data,  interpret¬ 
ing  the  graphs  and  explaining  the  system  behavior.  Overall,  I  got  a  feel  of  the  intricacies  in¬ 
volved  in  developing  an  expert  system  and  comparing  a  computer’s  performance  to  that  of  a 
human  expert 

5.3  Future  Work 

This  work  can  be  considered  as  a  first  step  towards  the  study  of  learning  curve.  There  are  a  num¬ 
ber  of  enhancements  that  could  have  improved  the  learning  and  performance  of  the  system,  but 
were  not  addressed  due  to  the  time  constraints.  Some  of  them  are : 

•  Identify  and  eliminate  the  ”bad  cases”  from  the  knowledge  base.  This  could  be  done  by  pre¬ 
dicting  outcomes  for  each  case  using  rest  of  the  library.  Another  clue  to  identify  bad  cases 
would  be  checking  those  cases  that  are  added  just  before  the  prediction  curves  dip.  We  can 
expect  to  find  some  bad  cases  in  that  batch. 

•  The  study  could  be  continued  with  an  even  larger  knowledge  base  to  see  if  the  performance 
levels  off  at  a  certain  point 

•  Preparing  several  different  sets  of  test  cases  and  repeating  the  study  with  each  of  them  might 
help  eliminate  the  effects  of  any  biasing  within  the  test  cases. 

•  Repeating  the  test  for  some  other  outcome  field  might  make  a  difference.  Selection  of  a  field 
which  is  not  so  subjective,  for  instance  prediction  for  cap  size,  might  actually  improve  the 
learning  curves. 

•  Body  measurements  considered  may  not  be  sufficient  to  predict  the  garment  size.  Some 
additional  knowledge  may  be  required  possibly  in  form  of  added  fields  in  the  cases. 

•  One  could  try  different  combination  of  weight  vectors  to  find  out  what  works  the  best 
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Appendix  A 

Test  Program  Source  Code 


/♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦**♦♦*♦♦♦*♦♦♦♦+**♦♦**♦♦♦**♦♦♦*♦♦♦♦*******’*'************* 

*♦  File  Name  :  nnr.cpp 

**  Comments  :  This  file  contains  the  complete  program  for 
^  *  testing  the  learning  curve  of  a  knowledge  base. 

** 

♦*  Date  Created  :  May  02, 1994  —  Written  by  Vinit  Jindal 

♦  ♦  Date  Modified  :  May  06, 1994  —  Documented  by  Vinit  Jindal 

♦  ♦ 

♦♦♦»♦♦♦♦♦♦♦♦♦♦♦**♦♦♦♦*♦♦♦*♦♦♦♦♦*♦*♦*♦*♦*****♦*♦♦♦************************/ 


#include  <stdio.h> 
#include  <stdlib.h> 
#include  <stringJi> 
#include  <:windows.h> 
#include”CBReMind.h” 

#defineN_N_NUM  5 


/*  Function  required  by  the  qsort  routine 
*1 


int  comparevotes(const  void  *,  const  void  *); 


typedef  struct  VoteStructTag  { 
int  numVotes; 
char  valVote[16]; 
}VoteStruct; 


/*  This  structure  is  used  in  Voting 
*/ 
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/*  Global  Variables 

*1 

VoteStruct  ballots[N_N_NUM]; 
int  n_n_num  -  N_N_NUM; 

/♦  Main  Program 

*1 

int  main  (int  argc,  char  *argvQ ) 

{ 

CBRErrorlnfo  ♦  err  »  0;  /*  Pointer  to  ReMind  error  Struct*/ 

PCHAR  libName,  /*  ReMind’s  equivalent  of  string  ♦/ 

ViewName, 

Weight  VectorName, 

TemplName; 

LCOUNT  NumberofCases;  /*  ReMind’s  equivalent  of  Integer 

♦/ 

/♦  Handles  to  ReMind  objects  */ 

CBRLibHandle  theLib; 

CBRViewHandle  theView; 

CBRWVHandle  theWV; 

CBRFieldId  theFld; 

CBRTmplHandle  theTemplate; 

CBRCaseList  toSearchCases,  /*  Pointers  to  different  case  lists  */ 

hypoCases, 
outCases, 
allCases; 

CBRScore  ♦  outScores;  /♦  Pointers  to  scores  lists  ♦/ 

CBRScore  *  outScores_orig; 

CBRCaseld  outC^seld, 
hypoCaseld; 

FILE  *  out_file;  /♦  Results  file  */ 

CBRValue  *theValue; 
char  ♦value_str; 

/*  Templates  names  used  ♦/ 

char  template_strQ[32]- 

{{’’lOaolOS”},  nOOtollO”},  {”100lol20”>.  ri00tol25”>,  {”100tol30”}. 
{”100tol40"},  riOOtolSO”},  {”100tol70”},  {”100to200”},  {”100to250”>, 
{”100to300”>,  (”l(X)to400”>,  {”100to600”},  ri00tol000”},<’’l(XXol500”}, 
{”100to2000”}.{”100to25(X)”},<”10(Xo3(X)0’’},{”100to4056”} 

>; 
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/♦  File  name  for  results  ♦/ 

char  file_name_str[32]; 
int  j,  run_count; 


if  ( argc  !“  4 )  { 

printf  (’’Unmatched  number  of  arguments”); 
return  1; 

> 

libName  -  argv[l]; 

printf  (’NnLibrary  is  %s”,  libName); 

ViewName  -  argv[2]; 

printf  (’^llView  is  %s”,  ViewName); 

WeightVectorName  =  argv[3]; 

printf  (’\i Weight  Vector  is  %s”,  WeightVectorName); 

NumberofCases  “  N_N_NUM; 


printf  (’*mStarting  the  API”); 


/*  Start  the  API  ♦/ 

if(!CBRStart(0))  { 

err  -  CBRGetErrorO; 

printf  C’Start  Error.  Severity=%d;  Code=%d;  Text“%s\n”, 

err->severity,  err->code,  err->text ); 

return  1; 

} 

else  printf(”MiAPI  Started”); 


/♦open  the  Library  */ 

if  (ICBROpen  OibName.  CBR_OPEN_NO_BACKUP,  &theLib)  )  { 
err  =•  CBRGetErrorO; 

printf  (’’Open  Error.  Severity-%d;  Code“%d;  Text*»%s'^”, 

err->severity,  err->code,  err->text ); 


return  1; 


} 


/♦GettheVrew  ♦/ 

if  (ICBRGetVrew  (theLib,  ViewName,  &theView ))  { 
err  «  CBRGetErrorO; 

printf  (’’View  Error.  Severity=9{id;  Code=«%d;  Text=%sNn”, 

«T->severity,  eiT->code,  err->text ); 

return  1; 

} 
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/*  Get  the  Weight  Vector  ♦/ 

if  (ICBRGetWV  (the View,  Weight VectorName,&theWV))  { 

err  -  CBRGetErrorO: 

printf  (”WV  Error.  Severity-%d;  Code-%d;  Text-%s'^”, 

err->severity,  err->code,  err->text ); 

return  1; 

> 


/♦  Make  List  of  all  cases  in  the  library  */ 
if  (ICBRMakeCaselistByDisposition  (the  View,  CBR_ANY_DISP,  &allCases  )) 
{ 

err  =  CBRGetErrorO: 

printf(”All  Case  List  Error.  Severity=‘%d;  Code=%d;  Text“%sV’, 
err->severity,  err->code,  err->text ); 

return  1; 

} 


/*  Make  Hypo  cases  List. 

This  would  be  list  of  test  cases. 

*1 

if  (ICBRMakeCaselistByDisposition  (theView,  CBR.HYPOnTHETICAL, 

&hypoCases )) 


{ 


} 


err  »  CBRGetErrorO; 

printfC’Hypo  Case  List  Error.  Severity-%d;  Code=%d;  Text»»%sNn”, 
err->severity,  err->code,  err->text ); 


return  1; 


I*  Get  field  handle  ♦/ 

if  (!CBRGetField(theView,  ’’Short  Sleeve  Shirt  Size”,  AtheFld)) 

{ 

err  -  CBRGetErrorO; 

printf(’Tield  Error.  Severity-%d;  Code=«%d;  Text“%sNn”, 

err->severity,  err->code,  err->text ); 

return  1; 

} 

run_count  =  0; 


/*  Set  first  template  as  current  template 

*/ 


TemplName  =  template_str[run_count]; 


39 


/♦  Repat  until  all  the  templates  are  done 

*1 

while  (CBRGetTmpl  (theView,  TemplName,  &theTemplate)) 

{ 

sprintf  (file_name_str,  ”outfil%d.txt”,  run_count); 
if  ((out_file=“fopen  (file_name_str,  ”w”)>“NULL)  { 

piintf  C’NuUnable  to  open  file  %sNnQuitting....V’, 

file_name_str); 


} 


exit  (-1); 


fprintf(out_file,  "Results  for  View :  %s\n”,  ViewName); 
fprintf(out_file,  ’Template  used  :  %sV’,  TemplName); 
fprintf(out_file,  "Nearest  Neighbour :  %dm”,  n_n_num); 

printf  (’NnViMaking  Caselist  by  Template  #%d  -  %s.....”, 

nln_count+l ,  TemplName); 


/*  Prepare  list  of  cases  to  search 
using  the  current  template. 

*/ 

if  (ICBRTmplRetrieve  (theView,  theTemplate,  aUCases, 

&toSearchCases)) 


{ 

err  -  CBRGetErrorO; 

printf  CTemplate  List  Error”); 

printfOtSeverity-%d;  Qxle-%d;  Text=%sNn”, 

err->severity,  err->code,  err-Mext ); 

return  1; 

} 

printf  ("Done!!”); 


/*  Perform  NNR  for  each  of  the  test 
cases  using  the  search  case  list 

*/ 

printf  (’NnPerforming  NNR  for  case  : 't”); 
CBRRestartCaseList  (  hypoCases  ); 


while(CBRGetNextCaseId(hypoCases,&hypoCaseId)) 

{ 

printf  CNb\bNbNbNt%ld”,  aong)hypoCaseId); 


I*  Perform  a  nearest  neighbour  retrieval  */ 
if  (!CBRNNRetrieve  (theView,  theWV,  hypoCaseld, 

toSearchCases,  NumberofCases,  AoutCases, 
AoutScores)) 


err  -  CBRGetErrorO; 
printf  (TJNR  List  Error”); 
printf(”^Severity=%d;  Ci)de=%d;  Text=%sNn”, 
err->severity,  err->code,  etr->text ); 
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return  1; 

} 

else 

outScoics_orig-outScores; 

Collect  the  results  *♦*♦♦*/ 

/♦  Empty  ballot  box  */ 
for(j=0;j<N_N_NlJM;4+j){ 

ballots(j].mun Votes  -  0; 
strcpy(ballots|j].valVote,”n/a”); 

} 


/*  Vote  on  them 

*/ 

while(CBRGetNextCaseId(9utCases,&outCaseId))  { 
if(!CBRGetFldValue(thcView,outCaseId,theRd, 

AtheValue)) 


{ 

printf  CUnable  to  get  field  valueNn”); 
return  0; 

} 


if(!CBRFormatndValue(theView,theFld,theVaIue, 

&value_str)) 

{ 

printf  CUnable  to  format  field  valueNn”); 
return  0; 

> 

j=o; 

while((j<N_N_NUM)&&(strcmp(ballots[j].valVote, 

”n/a”)!-0)) 

{ 

if(strcmp(ballots|j].valVote,value_str)— 0)  { 
ballots|j].numVotes++; 
break; 

} 

else}++; 

> 

if(strcmp(ballotslj].valVote,”n/a”)~0){ 

strcpy(ballots[j].valVote,value_str); 
ballots(j]mum  Votes  -1; 

} 

CBRFree  ( the  Value  ); 

CBRFree  ( value_str ); 


} 
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/♦  Sort  the  ballots 

♦/ 

qsort(ballotsJ4_N_NUM,sizeof(structVoteStructTag), 

comparevotes); 

CBRGetFldValue(theViewJiypoCaseId,theFld,&theValue); 

CBRFormatFldValue(theView,theRd,theValue,&value_str): 

/*  Print  Case  ID,  Origional  Size,  and 
three  predicted  choices 

♦/ 

fprintf(out_file, 

”%Id,  %6s,  %6s,%d,  %6s,%d,  %6s,%<hn”, 
hypoCaseld,  value_str, 
ballots[0].valVote,  ballots[0]  jium  Votes, 
ballots[l  ].val  Vote,  ballots[  1  ]  jium  Votes, 
ballots[2].valVote,  ballots[2]jiuni  Votes 


/*  Free  the  memory 

♦/ 

CBRFree(the  Value); 

CBRFree(value_str); 

CBRFree  ( outCases ); 

CBRFree  ( outScores_orig ); 


print!  CMDone!!”); 
fclose  (out_file); 

CBRFree  ( toSearchCases ); 

/♦  Select  next  template 
*1 

run_count-H-; 

TemplName  -  template_str[run_count]; 


CBRFree  ( hypoCases ); 
CBRFree  ( allCases ); 


/♦  Close  the  library 

♦/ 

if  ( ICBRClose  ( theLib,  CBR.CLOSE.COMMTT,  CBR_REMOVE_BACKUP  )  ) 

{ 

err  -  CBRGetErrorO; 

printf  (’’Close  ErroiStSeverity=%d;  Code“%d;  Text»%sNn’’, 

err->severity,  err->code,  err->text ); 

return  1; 

} 
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/*  Shut  Down  API 
*1 


if(!CBREnd(0))  < 

err  =  CBRGetEirorO; 

printf  (’’End  ErroiMSeverity=%d;  Code-%d;  Text-%sV’, 

err->severity,  err->codc,  err->text ); 

return  1; 

} 

return  0; 

} 


/* 

♦+  Function  required  by  the  qsort  routine 
♦* 

*/ 

int  comparevotes(const  void  *one,  const  void  *two) 

{ 

VoteStruct  ♦a,’'‘b; 

a  =  (VoteStruct  *)  one; 
b  *  (VoteStruct  *)  two; 

if  (  a->num  Votes  <  b->numVotes)  return  1; 
else  if(  a->numVotes  >  b->num  Votes)  return  -1; 
else  return  0; 

} 
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Appendix  B 


Test  results  with  10  Nearest  Neighbor  Search 


Summary  of  predictions  for 
Short  Sleeve  Shirt  Size 
With  10  Nearest  Neighbor  Search 


Figure  B-1 
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Learning  Curve: 

Short  Sleeve  Shirt  Size  Prediction  with  10  Nearest  Neighbor  Search 
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B-2|  #  of  stored  Case* 


Learning  Curves 
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Figure  B-3  Stored  Cases 
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Appendix  C 


3DM  documentation 


3DM  software  documentation 


1.0  Overview 

This  section  describes  the  software  developed  in  this  study.  Called  3DM,  the 
software  is  written  in  C  and  runs  on  a  SUN  workstation.  The  code  utihzes  X- 
window  graphics  libraries  to  manage  the  windowing  environment.  The 
measurement  language  code,  in  particular,  continues  to  be  developed. 

2.0  User  Interface 

When  started,  3DM  activates  five  windows:  (a)  Menu,  (b)  Figure  Display,  (c)  Image 
Name,  (d)  Measiarements,  and  (e)  Views.  A  digitized  image  is  automatically 
selected  and  displayed  in  the  Figure  Display  window. 

MENU  allows  the  user  to  rotate,  translate,  and  scale  the  image.  The  user  may 
rotate  the  image  along  X-,  Y-,  or  Z-axes  after  setting  the  angle  of  rotation. 
Translation  is  also  along  the  X-,  Y-,  or  Z-axes  and  the  user  may  set  the  translation 
distance.  The  user  may  scale  the  image  up  or  down.  Any  of  these  operations  may 
be  combined  allowing  the  user  to  view  the  figure  from  practically  any  perspective. 
With  AUTO  ROTATE,  the  the  user  may  cause  the  figiure  to  rotate  along  one  of  the 
three  axes  by  the  angle  specified  for  the  axis,  pause  briefly,  and  rotate  again. 
Random  rotation  allows  the  figure  to  rotate  in  any  or  all  of  the  three  axes. 

2.1  LOAD 

To  load  an  image,  the  user  clicks  on  the  Load  button  and  makes  a  selection  firom 
among  the  images  available  (IMAGES  window.  Figure  3).  The  name  of  the  image 
file  is  displayed  in  the  IMAGE  NAME  window.  The  IMAGES  window  is  dismissed 
by  clicking  on  Done. 

2.2  MEASUREMENTS 

The  MEASUREMENTS  windows.  Figure  4a,  provide  the  user  with  three  types  of 
measurements  and  a  macro  language  facility.  The  first  window  provides  the 
options,  the  second  displays  the  results. 

2.2.1Multipoint 

Multipoint  measurement  allows  the  user  to  take  the  total  surface  distance  between 
two  or  more  points  selected  on  the  figure.  This  provides  the  user  with  a  simulation 
of  a  tape  measurment  on  the  figure.  The  measurement  is  displayed  in  inches  in  the 
second  MEASUREMENTS  window.  When  Multipoint  measurement  is  active,  the 
mouse  buttons  fimction  as  follows: 

Multipoint 

Left  Button — select  a  point  on  the  figure 

Middle  Button — de-select  most  recently  selected  point 

Right  Button — ^measure  surface  distance  between  selected  points 


2.2.2.  Radial 

Radial  measurement  allows  the  user  to  take  the  surface  distances  between  one 
source  point  and  one  or  more  destination  points  selected  on  the  figure.  Unlike 


Multipoint,  Radial  measurement  returns  several  distances,  one  for  each  destination 

point  selected.  When  Radial  measurement  is  active,  the  mouse  buttons  ftmction  as 
lollows: 


Multipoint 

Left  Button— select  source  or  destination  points  on  the  figure 
Middle  Button — de-select  most  recently  selected  destination  point 
Right  Button— measure  surface  distances  between  selected  points 

Multipoint  or  Radial  measurements  are  calculated  through  the  use  of  Dijkstra's 
shortest  path  algorithm  on  a  graph  imposed  on  the  set  of  points  on  the  figure.  This 
algorithm  and  graph  are  described  in  detail  in  Section  4. 

2.2.3.  Circumference 

Circumference  provides  a  measurement  around  the  figure's  torso,  arms,  or  legs 
figure  4e).  The  user  clicks  on  any  point  on  the  figure  and  a  horizontal  slice  of  the 
figure  through  the  point  is  taken  and  measured.  The  measurement,  in  inches  is 
displayed  in  the  MEASUREMENTS  window.  A  summary  of  the  mouse  button 
functions  is  given  in  Figure  4e. 

Multipoint 

Left  Button — select  and  measure  horizontal  slice  on  the  figure 

Middle  Button — not  used 

Right  Button — end  Circumference  selection 

Figure  4d 

2.2.4.  Language 

A  simple  macro  language  is  provided  to  provide  the  user  with  the  capability  to 
(mvelop  small  macros,  i.e.,  sequences  of  commands,  for  the  purpose  of  automating 
the  process  of  measurement  taking.  For  example,  a  macro  called  chest  may  be 
developed  to  locate  and  measure  the  figure’s  chest  automatically.  Similarly,  macros 
may  be  developed  to  measure  waist ,  seat ,  and  sleeve  length.  This  language  is 
described  in  detail  in  Section  6.  ® 


2.3.  SLICES 

The  user  may  obtain  slices  of  the  figure  along  the  XY,  XZ,  and  YZ  planes  The 
users  slice  view  options  are:  Vertical  Y,  Vertical  Z,  and  Collapsed  View  .  These 
options  provide,  for  example,  views  of  the  posture,  slope  of  the  shoulders,  or 
waistline  of  the  figure.  In  Figure  5  the  user  has  selected  the  Vertical  Y  view  anH 
can  obse^e  the  curvature  of  the  figures  front  and  back.  Figure  6  shows  a  collapsed 
view  of  the  waist  and  seat  of  the  figure  as  seen  from  the  top.  The  option  of  viewing 

slices  of  the  figure  allows  the  user  to  isolate  selected  features  of  the  figure  for  closer 
scrutiny. 


2.4.  RESET,  QUIT 

The  last  two  buttons  on  the  MENU  are  RESET  which  returns  the  figure  to  its 
original  position,  and  QUIT  which  terminates  3DM. 


3.0  3DM Language 

A  summary  of  the  commands  available  in  the  3DM  language  is  shown  below.  The 
general  format  of  a  command  is: 

command  option 

where  a  command  is  one  of  five  types:  Region,  Slice,  Point,  Measurement,  and 
Control.  Options  vary  with  each  command. 

A  Region  command  selects  an  region  of  the  figure  that  the  user  wants  to  study 
further  and  measure.  The  regions  that  may  be  selected  are  the  torso,  left  arm,  right 
arm,  left  leg,  right  leg,  upper  body,  and  the  entire  figure.  This  enables  the  user  to 
focus  on  a  particular  part  of  the  figure  which  makes  it  easier  to  isolate  certain  slices 
or  points.  Note  that  one  of  the  options  is  the  entire  figiore.  A  region  must  be 
selected  before  the  user  issues  Slice  or  Point  commands. 

The  user  may  enter  a  Slice  command  to  select  a  specific  slice 
within  the  region  selected.  Similarly,  Point  commands  allow  the  user  to  select  a 
point  within  a  slice.  Slices  and  points  may  be  saved  and  used  with  other  Sfice, 
Point,  and  Measurement  commands.  There  are  several  Slice  commands  available: 
selectslice,  topslice,  middleslice,  and  bottomslice.  Selectslice  allows  the  user  to 
select  a  slice  numerically,  i.e.,  as  a  percentage  of  the  region  selected.  Topslice, 
middleslice,  and  bottomslice  are  included  for  convenience,  and  are  equivalent  to 
selectslice  0,  selectslice  0.5,  and  selectslice  1,  respectively. 

After  selecting  a  slice,  the  user  may  modify  the  selection  through  the  slicemove 
command  which  changes  the  focus  from  the  c\arrent  sfice  to  another.  The  slicemove 
command  requires  a  direction,  (UP,  DOWN)  and  a  distance  expressed  in  inches. 

The  current  sfice  may  be  saved  for  future  use  using  the  slicesave  command,  which 
saves  the  current  sfice  and  assigns  to  it  a  name.  This  name  may  be  used  in  other 
Sfice  commands  (see  maxslice  and  minsfice  below).  A  named  sfice  is  used  with 
commands  currentslice,  minsfice,  and  maxslice.  Currentslice  selects  a  previously 
named  sfice.  Minsfice  (maxslice)  selects  the  sfice  with  the  smallest  (largest) 
circumference  between  two  named  slices. 

Point  commands  allow  a  user  to  select  individual  points  within  a  sfice.  Two 
commands  available  are  the  center  and  most  commands.  Center  takes  a  position 
(FRONT,  BACK,  LEFT,  RIGHT)  and  selects  the  point  closest  to  the  center-front, 
center-back,  center-left,  center-right  of  the  current  sfice.  Simularly  Most  takes  a 
position  and  selects  the  frontmost,  backmost,  leftmost  or  rightmost  point  of  the 
current  sfice.  A  selected  point  may  be  changed  with  the  pointmove  command. 

After  a  point  has  been  selected,  it  may  be  saved  with  the  saveto  command.  A 
previously  saved  point  may  be  recalled  with  currentpoint : 

The  system  is  designed  so  that  the  user  systematically  focuses  on  slices  and  points. 
He  or  she  first  selects  a  region  of  interest,  selects  slices  within  the  region,  selects 
points  within  slices,  saving  those  slices  and  points  which  are  of  interest.  At  this 
stage,  the  user  is  ready  to  take  measurements. 


There  are  one  slice  measurement  fimction  (circum )  and  two  point  measurement 
fimctions  (directdist,  siorfacedist)  available.  Circum  returns  the  circumference,  in 
inches,  of  a  selected  slice.  Directdist  takes  a  list  of  points,  PI  P2...Pn,  and  returns 
the  direct.  Euclidean,  distance  between  consecutive  points  PI  and  P2,  P2  and  P3, 
etc.  Surfacedist  is  similar  to  directdist.  It  takes  the  surface  distance  between 
consecutive  points  PI  and  P2,  P2  and  P3,  etc. 

Three  control  functions  are  available:  runiiles,  help,  and  quit.  Riinfiles  allows  a 
user  to  develop  and  execute  a  macro,  i.e.,  a  sequence  of  commands  within  a  file.  The 
user  must  use  an  editor  to  create  the  file.  This  makes  it  convenient,  for  example,  for 
the  user  to  take  a  chest  measurement  of  a  figme.  For  example,  the  user  may  enter 
the  following  commands  into  a  filename  named  chest  measurement, 

1.  chest  measurement: 

2.  region  torso 

3.  slicemove  down  1.0 

4.  slicesave  chest 

5.  circumference  chest 

and  will  simply  have  to  key:  Runfiles  Chest  Measurement  to  take  the  chest 
measurement  of  any  figure  currently  loaded.  Help  provides  a  list  of  commands 
accepted  by  3DM  and  Quit  terminates  the  language  interpreter. 

3DM  Language  Commands 
Region  area 
torso 
larm 
rarm 
lleg 
rleg 
upbody 
all 
Slice 

selectslice  percent 

Percent  is  an  integer  between  0  and  100.  It  allows  the  user  to  specify  a  slice 
some  percentage  distance  from  the  top  of  the  region,  where  the  distance  from 
top  to  bottom  represents  100.  Selectslice  10,  for  example,  will  select  the  slice 
approximately  10  percent  from  the  top  of  the  region, 
topslice 

Select  the  top  slice  of  the  selected  region;  equivalent  to  selectslice  0. 
middleslice 

Select  the  middle  slice  of  the  selected  region;  equivalent  to  selectslice  50. 
bottomslice 

Select  the  bottom  slice  of  the  selected  region;  equivalent  to  selectslice  100. 
slicemove  direction  distance 

Direction  is  either  UP  or  DOWN  and  distance  is  a  positive  niuneric  value 
representing  a  distance  in  inches.  For  example,  slicemove  UP  1.5  moves  up 


from  the  current  slice  a  distance  of  1.5  inches.  The  newly  selected  slice 
becomes  the  current  sHce. 
slicesave  name 

Save  the  current  slice  and  assigns  it  a  name.  This  name  may  be  used  in 
other  Shce  commands  (see  maxslice  and  minslice  below).  Name  may  be  any 
string,  starting  with  a  non-blank  character  and  continuing  with  any 
character  (including  blanks  and  pimctuation)  up  to  a  maximum  length  of 
twenty  characters.  The  following  are  all  valid  names:  mid-thigh  ,  abdominal 
area,  slice  12,  KNEE. CAP  . 
currentslice  name 

Select  a  previously  saved  slice.  The  selected  slice  may  be  used  further  in 
other  commands  (see  maxslice,  minslice ). 
maxslice  slice  1  slice2 

Slicel  and  slice  are  slice  names  (see  slicesave  ).  The  commEuid  maxsHce 
selects  from  the  current  region  the  slice  with  the  largest  circumference 
between  slicel  and  slice2.  Slicel  must  be  above  Slice2,  In  the  case  of  a  tie, 
the  slice  closest  to  slicel  is  selected, 
minslice  slicel  slice2 

Slicel  and  slice2  are  slice  names  (see  slicesave).  The  command  minslice 
selects  from  the  current  region  the  slice  with  the  smallest  circumference 
between  slicel  and  slice2.  Slicel  must  be  above  Slice2.  In  the  case  of  a  tie, 
the  slice  closest  to  slicel  is  selected. 

Point 

center  position 

Position  is  one  of:  front,  back,  left,  right.  This  command  selects  the  point 
closest  to  the  center-front,  center-back,  center-left,  center-right  of  the  current 
slice. 

most  position 

Position  is  one  of:  front,  back,  left,  right.  This  command  selects  the 
frontmost,  backmost,  eftmost  or  rightmost  point  of  the  current  slice, 
pointmove  direction  inches 

Direction  is  one  of:  up,  down,  clock,  counterclock  and  inches  is  the  distance  of 
the  move  expressed  in  inches, 
saveto  name 

Save  the  current  point  and  assigns  to  it  a  name.  This  name  may  be  used  in 
other  commands  (see  directdist,  surfacedist).  Names  for  points  follow  the 
same  rules  for  shce  names  (see  slicesave  ). 
currentpoint  name 

Select  a  previously  saved  point. 

Measurement 

circum 

Return  the  circumference,  in  inches,  of  the  most  recently  selected  slice, 
directdist  PI  P2...  Pn 

Take  the  direct,  i.e..  Euclidean,  distance  between  consecutive  points  PI  and 
P2,  P2  and  P3,  etc. 
surfacedist  PI  P2..,  Pn 

Take  the  surface  distance  between  consecutive  points  PI  and  P2,  P2  and  P3, 
etc. 


Control 

runfiles  filename 

Executes  the  sequence  of  instructions  contained  in  filename.  The  file  should 
be  written  using  a  text  editor  and  should  contain  one  3DM  language 
command  per  line, 
help 

Displays  list  of  commands, 
qioit 

Terminates  the  interactive  session. 


Appendix  D 


3DM  source  code 


Source  Code  for 
3DM:  Software  for  the  DLA 
3D  Noncontact  Measurement  Project 


Roy  P.  Pargas 
Shan  Jiang 
Jasbir  Manotra 

Clemson  Apparel  Research 
500  Lebanon  Road,  P endelton ,  SC  29570 
tel:  803-646-8454 
fax:  803-646-8230 
email:  pargas@ cs. clemson .edu 
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The  purpose  of  this  study  was  to  determine  the 
feasibility  of  a  body  scanning  system  for  consumer  use  at 
retail.  Specifically,  the  appeal  and  use  of  three  body  scan 
applications  were  examined;  made-to-measure,  data  card,  and 
computer  imaging.  The  sample  chosen  for  this  study  consisted 
of  200  employed  female  consumers  at  the  University  of  North 
Carolina  at  Greensboro.  The  survey  research  method  provided 
a  descriptive  and  an  analytical  study.  A  five-page 
questionnaire  was  developed  by  the  researcher.  This 
questionnaire  was  mailed  to  the  sample,  along  with  a  cover 
letter  in  February  1994. 

Descriptive  statistics  and  inferential  statistics  were 
used  in  this  study.  Means  and  frequencies  were  calculated  on 
all  items.  Analysis  of  variance  (ANOVA)  was  used  to  test 
Hypothesis  1-4 .  A  chi-square  test  was  used  to  test  Hypothesis 

5. 

Results  indicated  that  the  majority  of  the  sample  was 
willing  to  have  a  body  scan.  Neither  age  nor  size  had  an 
effect  on  the  appeal  or  use  of  the  three  body  scan 
applications.  However,  fit  problems  did  have  an  effect  on  the 
appeal  and  potential  usage;  those  with  fit  problems  found  body 
scanning  very  appealing.  The  most  appealing  and  usable 
application  was  the  data  card,  followed  by  the  computer 


imaging.  The  made-to-measure  application  was  the  least 
appealing  and  usable  application.  Consumers  would  use  the 
three  body  scan  applications  when  purchasing  bottoms, 
swimwear,  and  tops.  Consumers  were  also  willing  to  pay  both 
$5  and  $10  for  an  initial  as  well  as  an  update  body  scan. 

The  results  of  this  study  have  implications  for 
educators,  retailers  and  manufacturers.  For  educators,  this 
study  tested  a  portion  of  the  Engel,  Blackwell,  and  Miniard 
decision  process  model,  that  of  need  recognition,  and 
contributed  to  the  void  in  the  literature  pertaining  to  the 
market  feasibility  of  body  scanning  and  size  prediction 
technologies  at  retail.  Results  from  this  study  will  provide 
retailers  and  manufacturers  with  a  basis  to  consider  body 
scanning  technologies,  especially  the  data  card  and  computer 
imaging,  and  adopt  body  scanning  for  bottoms,  swimwear  and 
tops. 
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CHAPTER  I 
INTRODUCTION 

Background  of  the  Problem 

Retailers  in  the  1990 are  challenged  to  provide 
products  and  services  to  meet  consumers'  apparel  needs.  One 
consumer  need  is  the  fit  of  apparel  products  which  involves 
"fitting”  an  apparel  product  on  the  three-dimensional  (3-D) 
human  body,  consisting  of  the  dimensions  of  depth,  width  and 
height.  Historically,  ready-to-wear  apparel  has  been  created 
by  designers  preparing  two  dimensional  "design  concepts"  which 
treat  the  human  body  as  if  it  were  flat  and  divided  into 
separate  unconnected  segments  (Martell,  1990) .  The  resulting 
products  are  designed  for  the  general  mass  market,  not 
individuals.  Proper  fit  remains  a  critical  issue  in  customer 
satisfaction  of  apparel  products. 

The  apparel  industry  provides  garments  in  many  sizes 
which  must  fit  the  3-D  human  body.  Sizing  standards  have 
assigned  fixed  dimensions  to  each  size  based  on  the  assumption 
that  the  majority  of  people  within  each  size  would  have  the 
same  standard  measurements  or  size  specifications.  However, 
the  standards  are  based  on  data  collected  decades  ago  and  are 
no  longer  applicable  to  current  needs  (Tamburrino,  1992) .  The 
current  sizing  standards  are  not  suitable  for  all  body  types 
and  have  been  shown  to  cause  lower  body  cathexis  in  consumers 
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who  do  not  fit  the  ”ideal”  body  type.  The  latest  generation 
of  electronic  machines  makes  it  possible  to  create  garment 
shapes  that  are  3-D  and  incorporate  precise  human  measurements 
(Gray,  1994) . 

Sizing  methods  for  men  are  different  than  those  for 
women.  Current  sizing  for  women  is  not  reliable  for  the 
industry  nor  the  consumer.  It  is  estimated  that  70-80%  of  the 
garments  in  stores  may  not  fit  the  size  stated.  According  to 
DeLong,  Ashdown,  Butterfield  &  Turnbladh  (1993),  the 
development  of  a  system  that  would  accommodate  individual  body 
measurements,  configurations,  alignments,  and  proportions  at 
a  reasonable  cost  would  assist  consumers  in  fitting  products. 
At  this  time,  sizing  is  a  major  problem  for  all  consumers. 

To  address  this  problem,  sizing  studies  are  being 
conducted  to  aid  manufacturers  in  creating  better  fitting 
garments.  At  this  point,  if  a  consumer  desires  custom  fit 
apparel  they  have  no  choice  but  to  turn  to  made-to-measure 
apparel.  However,  new  technology  is  being  developed  to 
provide  body  scanning  and  size  prediction  services  to  the 
average  consumer.  Body  scanning  is  a  computerized  body 
measurement  system  designed  to  take  accurate  measurements  of 
the  human  body  (''Textile/Clothing” ,  1993).  Size  prediction  is 
the  computer  software  to  convert  3-D  "frame  drawings"  into 
size  information  for  specific  brands  (Martell,  1990) .  The 
body  scanning  and  size  prediction  technology  is  in  the  final 


3 


stages  of  development  and  is  expected  to  appear  in  the 
marketplace  by  the  end  of  1994.  Three  outputs  of  the  body 
scanning  technology  are  (a)  made-to-measure,  (b)  data  card, 
and  (c)  computer  imaging. 

To  date  there  has  been  no  consumer  research  on  the  market 
feasibility  of  body  scanning.  in  the  consumer  driven 
marketplace,  it  is  important  to  understand  the  consumer's 
current  problems  with  apparel  products  and  their  resulting 
attitudes  and  beliefs  in  order  to  design  and  implement  a 
system  to  meet  consumer  needs. 

Statement  of  the  Problem 

The  purpose  of  this  study  is  to  determine  the  feasibility 
of  a  body  scanning  system  for  consumer  use  at  retail.  The 
specific  research  objectives  arei 

1)  To  determine  consumers'  interest  in  body  scanning. 
Specifically,  determine  consumers'  acceptability  of  three 
body  scan  outputs:  made-to-measure,  data  card,  and 
computer  imaging. 

2)  To  assess  current  sizing  problems  with  the  fit  of 
apparel. 

3)  To  determine  if  acceptability  differs  by  demographics. 

4)  To  determine  if  fit  problems  differ  by  demographics. 

Significance  of  the  Study 

The  results  of  this  study  will  benefit  consumers, 
retailers,  and  manufacturers.  Consumers  will  be  exposed  to 
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the  body  scanning  process  and  will  have  the  opportunity  to 
provide  input  regarding  usage  of  the  technology,  as  well  as 
convey  consumer  fit  problems  to  the  manufacturer.  For 
retailers,  results  will  help  determine  if  there  is  an  interest 
in  body  scanning  in  specific  markets  and  the  feasibility  of 
purchasing  a  body  scan  system.  Manufacturers  will  also 
benefit  from  this  information  by  becoming  more  knowledgeable 
about  the  fit  problems  of  consumers  and  the  feasibility  of 
such  systems.  The  results  of  this  study  will  be  used  to  help 
design  the  second  research  phase,  which  will  involve 
consumer's  use  of  body  scanning  technology  and  the  third 
phase,  which  will  determine  retail  feasibility  of  body 
scanning  and  size  prediction  technologies. 

Limitations  of  the  Study 

1)  The  random  sample  is  limited  to  female  State  Personnel 
Act  (SPA)  employees  at  the  University  of  North  Carolina 
at  Greensboro. 

Assumptions 

1)  Apparel  purchasers  have  problems  with  the  fit  and  sizing 
of  garments. 

2)  Body  scanning  technology  is  virtually  unknown  to  most 
consumers . 

Definition  of  Terms 

Acceptability  Consists  of  two  components:  appeal 

and  usage. 
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Apparel  Product 


Body  Cathexis 


Body  Scanning 


Body  scan  outputs 


Custom  Fit 


Made-to-Measure 


Ready-to-Wear 


Scanning 


size  Prediction 


Size  Specifications 


General  term  that  includes  men's, 
women's,  and  children's  clothing 
(Jar now  &  Guerreiro,  1991) . 

The  evaluative  dimension  of  body 
image,  defined  as  positive  and 
negative  feelings  toward  one's  body 
(LaBat  &  DeLong,  1990) . 

A  computerized  body  measurement 
system  designed  to  take  accurate 
measurements  of  the  human  body  with 
photo  light  cells 
C'Textile/Clothing'',  1993). 

Consists  of  three  applications  (a) 
made-to-measure,  (b)  data  card,  and 
(c)  computer  imaging. 

Apparel  made  to  the  order  of 
individual  customers;  cut  and  fitted 
to  individual  measurements  (Jarnow  & 
Guerreiro,  1991) . 

Clothing  manufactured  specifically 
for  an  individual  to  one's 
measurements  (Oliver,  Bickle,  & 
Shim,  1993). 

Apparel  that  is  mass  produced  in 
standard  sizes  (Jarnow  &  Guerreiro, 
1991) . 

Facilitates  data  entry  and  capture 
through  optical  reading  of  these 
into  the  unique  item  numbers  and 
other  information  (''Quick  Response”, 

1991)  . 

Computer  software  designed  to 
convert  3-D  "wire  frame  drawings” 
into  size  information  for  specific 
brands  (Martell,  1990) . 

The  body  dimensions  suitable  for  the 
labeled  size  of  a  garment  (Brown, 

1992) . 
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Three-Dimensional  (3-D)  Having,  or  seeming  to  have  the 

dimensions  of  depth  as  well  as  width 
and  height  (Woolf,  1976) . 
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CHAPTER  II 

REVIEW  OF  THE  LITERATURE 

The  review  of  the  literature  is  separated  into  five 
sections:  1)  the  conceptual  model,  2)  sizing  issues,  3)  body 
scanning,  4)  female  consumers  marketing  issues,  and  5) 
retailing  and  manufacturing. 

Conceptual  Model 

The  Engel,  Blackwell,  and  Miniard  (EBM)  Decision  Process 
Model  (Engel,  Blackwell  &  Miniard,  1993)  is  the  conceptual 
model  used  in  this  study  (See  Figure  1)  .  This  model 
identifies  the  various  components  and  thought  processes  that 
are  used  by  consumers  in  the  decision  making  process.  The  EBM 
model  illustrates  that  environmental  and  individual  influences 
as  well  as  market-oriented  influences  impact  the  decision 
making  process. 

The  decision  process  contains  five  stages;  need 
recognition,  search,  alternative  evaluation,  purchase,  and 
outcomes.  The  model  suggests  that  consumers  follow  this  five- 
stage  process  when  they  are  selecting  a  product.  The  arrows 

which  connect  the  boxes  ( - >)  indicate  how  the  various  stages 

influence  the  purchase  decision.  The  focus  in  this  study  is 
on  the  first  stage:  need  recognition. 
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Reference:  Engel,  J.F.,  Blackwell,  R.D,,  &  Miniard,  P.W. 

Consumer  behavior  (7th  ed.).  Chicago,  IL: 
Dryden  Press,  p,  53. 


9 


Need  Recognition 

Need  recognition  is  the  first  stage  in  the  decision 
process.  Need  recognition  essentially  depends  on  how  much 
discrepancy  exists  between  the  actual  state  (i.e.,  the 
consumer's  current  situation)  and  the  desired  state  (i.e.,  the 
desired  situation) .  When  this  discrepancy  exceeds  a  certain 
level  or  threshold,  a  need  is  recognized  (Engel,  Blackwell,  & 
Miniard,  1993). 

Marketers  are  unable  to  create  needs  for  consumers  but 
can  influence  them  by  activating  needs  that  already  exist 
within  consumers.  Product  innovations  are  a  source  of  need 
recognition  that  can  be  used  by  marketers  (Engel,  Blackwell, 
&  Miniard,  1993) .  An  approach  to  uncovering  need  recognition 
is  to  measure  the  attitude/behavior  relationship.  The 
innovative  design  of  body  scanning  could  make  the  traditional 
sizing  standards  used  by  apparel  manufacturers  seem  obsolete 
to  consumers  by  providing  an  entirely  different  concept  of 
what  is  now  possible.  Need  recognition  leads  to  the  second 
stage  of  the  decision  process,  information  search. 

Sizing 

Presently,  ready-to-wear  apparel  consumers  discover  their 
size  by  trying  on  garments.  This  process  can  be  very  time 
consuming  considering  sizes  vary  between  styles,  designers  and 
manufacturers.  Consumers  whose  body  types  differ  from  the 
prescribed  standards  must  choose  the  most  satisfactory  size 
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from  those  available.  It  is  apparent  that  the  sizing  system 
based  on  ideal  proportion  is  too  limited  and  there  is  no 
knowledge  to  say  this  differs  by  age.  A  departure  from 
stereotypical  definitions  of  female  body  types  could  result  in 
new  sizing  systems  that  would  fit  more  consumers  (LaBat  & 
DeLong,  1990) .  At  this  time,  those  consumers  who  cannot  find 
styling  or  sizing  in  the  ready-to-wear  market  have  to  look  to 
custom  fit  apparel  (DeLong,  Ashdown,  Butterfield  &  Turnbladh, 
1993) . 

The  sizing  systems  used  by  the  apparel  industry  are  based 
on  the  ideal.  According  to  LaBat  et  al.  (1990),  the  current 
systems  provide  a  symbol  of  expectation  for  women.  When  a 
woman  tries  to  fit  her  body  with  currently  available  clothes 
the  comparison  to  the  ideal  is  inevitable.  The  sized  garment 
that  does  not  fit  sends  a  message  to  the  woman  that  her  body 
is  less  than  perfect.  Women  with  high  body  cathexis,  positive 
feelings  toward  one's  body,  are  not  necessarily  more  satisfied 
with  the  physical  fit  of  their  ready-to-wear  clothing  (Shim  & 
Kotsiopulos,  1990) .  If  this  is  true,  it  is  easy  to  see  why 
general  sizing  and  fit  problems  continue  to  be  a  source  of 
frustration  for  those  consumers  who  are  not  considered 
"average. " 

When  consumers  are  considering  apparel  for  purchase,  fit 
must  be  minimally  satisfactory.  When  clothing  does  not  fit, 
the  consumer  may  perceive  the  cause  as  related  to  the  body  and 
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not  the  clothing.  This  results  in  negative  feelings  toward 
the  body.  Body  cathexis  is  the  evaluative  dimension  of  body 
image  and  is  defined  as  positive  and  negative  feelings  toward 
one's  body  (LaBat  &  DeLong,  1990) . 

LaBat  (1988)  reported  that  the  higher  the  body  cathexis, 
the  more  satisfied  female  consumers  were  with  the  physical  fit 
of  clothing.  In  a  study  correlating  body  cathexis  and 
satisfaction  with  the  fit  of  apparel,  petite  women  were  least 
satisfied  with  their  bodies  and  height  and  were  most 
dissatisfied  with  sizing  and  fit  of  apparel  compared  to 
average  women  (Shim  &  Kotsiopulos,  1990) . 

Petite  women  have  indicated  several  fit  problems  in 
purchasing  apparel  products  (Wallach,  1986) .  Apparel 
manufacturers  have  not  recognized  the  actual  problems  and 
needs  of  these  consumers.  Shim  and  Kotsiopulos  (1990)  found 
that  average-sized  women  were  most  satisfied  with  the  number 
of  stores  that  carry  their  size,  the  size  range  available,  and 
the  general  fit  of  clothing,  but  that  petite  women  are  most 
dissatisfied  with  these  three  items. 

Large-sized  women  also  have  problems  with  the  fit  of 
apparel.  Chowdary  and  Beale  (1988)  reported  that  large-sized 
women  were  dissatisfied  with  apparel  sizing  and  fit.  DuCoffe 
and  Cohen  (1980)  identified  buying  clothes  as  the  worst 
problem  of  large-sized  women.  Deonier,  DeLong,  and  Martin 
(1979)  emphasized  reevaluation  of  sizing  standards  and 
procedures  to  improve  fit  for  large-sized  individuals. 
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In  investigating  men's  body  size  and  clothing,  Shim, 
Kotsiopulos,  and  Knoll  (1990)  reported  that  short  men  showed 
lower  body  cathexis  than  big,  tall  and  average-height  men. 
Short  and  big  men  were  most  dissatisfied  with  size  ranges 
available  in  ready-to  wear.  Size  and  fit  have  been  found  to 
be  the  most  common  problems  with  suits  for  big  and  tall  men 
(Shim  &  Kotsiopulos,  1991)  .  As  a  result,  many  men  have  turned 
to  made-to  measure  clothing  which  may  offer  improved  fit  over 
ready-to-wear  for  persons  who  are  short,  tall,  and  big  because 
it  takes  into  consideration  the  individual  needs  of  each 
consumer  (Oliver,  Bickle  &  Shim,  1993) . 

The  made-to-measure  clothing  business,  defined  by  the 
apparel  industry  as  clothing  specifically  designed  for  an 
individual  to  one's  own  measurements,  is  flourishing  in  the 
U.S.  (Oliver  et  al.,  1993).  This  custom  made  clothing  offers 
improved  fit  because  individual  needs  are  considered.  Made- 
to-measure  is  characterized  by  convenient  service  and 
selection.  Oliver  et  al.  (1993)  reported  that  the  price  of 
menswear  made-to-measure  garments  are  comparable  to  ready-to- 
wear  tailored  garments  at  specialty  stores. 

Body  Scanning 

Body  scanning  is  a  computerized  body  measurement  system 
designed  to  take  accurate  measurements  of  the  human  body  with 
photo  light  cells  ("Textile/Clothing",  1993).  Recent  advances 
in  technology  have  led  to  the  development  of  a  new  non-contact 
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body  measurement  system  that  can  measure  the  3-D  body  both 
quickly  and  accurately.  The  3-D  data  can  be  used  to  create  a 
3-D  model  of  the  body.  Special  image  rendering  software  has 
also  been  created  to  produce  realistic  images  of  what  the  3-D 
model  would  look  like  under  varying  lighting  conditions 
(Martell,  1990) . 

other  industries  have  developed  similar  3-D  scanning 
systems  to  insure  proper  sizing  and  fit.  The  footwear 
industry  has  employed  the  use  of  3-D  computer  aided  design 
(CAD)  systems  for  years.  Light-sensitive  photo  cells  are 
being  used  to  scan  customers  feet  from  the  side  and  bottom  to 
acquire  the  information  needed  to  make  a  custom-fitted  shoe. 
The  process  is  simple;  the  customer  steps  into  a  scanner, 
pushes  a  button  and  measurement  of  the  right  and  left  foot  are 
sent  directly  to  a  CAD  system  where  a  laser  cuts  the  leather. 
The  shoes  are  made  and  mailed  within  five  days.  A  second 
application  of  the  3-D  scanning  system  is  being  used  to  fit 
the  human  body  to  a  bicycle  frame.  Custom  measurements  are 
used  as  a  "fit  kit"  in  the  design  (Harris,  Mehrman  & 
Dougherty,  1992) .  In  addition  to  being  used  in  the  shoe  and 
bicycle  industries,  body  scanning  will  be  used  in  the  apparel 
industry  to  produce  better  fitting  garments. 

Technology,  one  potential  solution  for  sizing  challenges, 
is  being  developed  by  (TC)^  and  the  Clemson  Apparel  Research 
Center.  This  technology,  known  as  the  body  scanner,  can 
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accurately  scan  the  human  body  with  a  new  non-contact  body 
measurement  system  and  is  expected  to  be  available  at  the  end 
of  1994.  Software  that  accompanies  this  technology  is  used  to 
read  1)  body  measurements  from  the  scan  for  made-to-measure 
apparel  and  2)  predict  sizes  for  ready-to-wear  apparel.  The 
system  is  specially  designed  to  take  accurate  measurements  of 
the  body  in  a  computerized  booth  in  six  seconds  or  less.  The 
output  of  the  body  scan  can  then  be  used  to:  1)  manufacture 
made-to-measure  clothing,  2)  generate  a  ''data  card"  with  all 
the  consumers  body  measurements,  and/or  3)  superimpose 
garments  on  the  computer  image  of  the  consumer's  body. 

The  body  scanning  technology  will  be  available  to 
consumers  in  the  retail  setting.  To  date  no  consumer  research 
exists  to  test  the  acceptability  of  such  a  system  for 
consumers  in  the  retail  setting. 

Female  Consumers ' /Marketing  Issues 

Female  consumers  are  recognized  by  marketers  as  primary 
purchasing  agents  of  consumer  products  such  as  apparel 
(Cassill  &  Drake,  1987) .  In  1990,  the  average  household's 
annual  expenditure  for  apparel  was  $585  (Waldrop  & 
Mogelonsky,  1992) .  The  International  Labor  Office  (1992)  has 
shown  that  fifty-five  percent  of  all  women  are  in  the  labor 
force  in  the  United  States;  65%  of  younger  women,  ages 
eighteen  to  thirty-four  are  employed,  compared  with  70%  of 
middle-aged  women  (thirty-five  to  fifty-four)  and  20%  of  older 
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women  (fifty-five  and  over)  (Waldrop  &  Mogelonsky,  1992) .  The 
breakdown  of  the  female  labor  force  participation  rate  by 
ethnic  background  (Person,  1993)  is  as  follows:  56%  white, 
58%  black,  53%  Hispanic  and  56%  of  Asian  women. 

Women  dominate  the  service-producing  industries  supplying 
80.5%  of  the  labor  force  in  these  segments.  The  top  four 
employment  sectors  for  women  are:  1)  professional  and  related 
services,  2)  retail  trade,  3)  manufacturing,  and  4)  finance, 
insurance  and  real  estate  (Shortridge,  1987) . 

Middle-aged  women  are  20%  more  likely  than  other  women  to 
purchase  a  suit  each  year,  and  they  are  40%  more  likely  to  buy 
a  blazer.  Sixty  percent  of  middle-aged  women  buy  four  or  more 
dresses  a  year,  compared  with  40%  of  younger  women  and  fewer 
than  30%  of  older  women.  Women  aged  35  to  54  also  pay  more 
for  most  of  the  items  they  buy  (Waldrop  &  Mogelonsky,  1992) . 

Employed  women's  apparel  consumption  patterns  differ  from 
nonemployed  women.  Employed  women  place  greater  value  on 
time-saving,  convenience-shopping  outlets,  place  greater 
accent  on  fashion,  take  considerable  interest  in  clothing's 
flattering  qualities  and  its  suitability  for  work,  and  spend 
more  on  clothing  (Shim  &  Drake,  1988) .  Working  women  are  more 
than  twice  as  likely  to  spend  $500  or  more  on  apparel  per  year 
than  non-employ ed  women  (O' Hare,  1993) . 

Many  female  consumers  seek  information  about  apparel 
products  from  the  retail  store.  A  study  by  Kerin,  Jain  and 
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Howard  (1992) ,  found  that  the  consumer's  information  search 
process  is  impacted  by  the  interaction  with  a  store's  physical 
surrounding.  The  pleasantness  or  unpleasantness  of  a  store 
can  influence  the  patronage  decisions  and  purchase  intentions. 

Many  employed  female  consumers  are  influenced  by  personal 
sources  when  searching  for  apparel.  Solomon  (1985)  reported 
that  career  women  obtain  most  of  their  information  on  career 
dress  from  women  friends  and  coworkers.  A  study  by  Cassill 
and  Drake  (1987)  found  that  working  women  who  were  classified 
as  having  "just  a  job”  sought  information  about  apparel 
products  from  friends.  Shim  and  Drake  (1989)  identified  the 
"pal  advice  searcher”,  the  segment  of  the  population  as  a 
woman  most  likely  to  talk  to  friends,  colleagues  and  family 
about  new  clothes  during  the  information  search  process. 
Female  consumers  also  use  non-personal  sources  when  searching 
for  apparel.  Research  by  Shim  and  Drake  (1989),  identified 
female  consumers  who  gained  information  from  various  print 
sources  including  business  magazines,  advertisements  and 
newspaper  articles  with  information  on  employment  clothing. 

Research  by  Shim  and  Kotsiopulos  classified  female 
apparel  shoppers  into  three  categories:  "highly  involved”, 
"convenience  oriented  catalog"  and  "apathetics" .  They  found 
that  the  "highly  involved"  shoppers  used  fashion  publications 
and  mass  media  moderately  during  search,  but  that  convenience- 
oriented  catalog  shoppers  most  frequently  used  fashion 
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publications.  Body  scanning  is  a  non-personal  source  that  can 
aid  female  consumers  in  the  search  process  for  apparel 
products . 

Technology  at  Retail 

Consumers  are  becoming  increasingly  familiar  with 
technology  in  the  retail  setting.  Some  of  these  technological 
advances  are  experienced  directly  by  the  consumer,  such  as  the 
kiosk.  Other  advances  are  used  for  efficiency  between  the 
retailer  and  manufacturer,  such  as  barcoding  and  scanning,  and 
effect  the  consumer  indirectly. 

Innovative  retailers  are  already  providing  consumers  with 
new  and  exciting  ways  to  shop.  One  of  the  fastest  growing 
trends  in  the  industry  is  the  kiosk.  A  kiosk  is  a  "cabinet 
enclosed"  interactive  computer  that  uses  touch,  video  and 
sound  to  supply  information  and  sell  products  (Chandler, 
1992)  .  Kiosks  are  already  found  at  such  locations  as  stores, 
malls,  college  campuses,  offices  and  airports. 

A  kiosk  is  used  to  make  buying  decisions  more  quickly  and 
conveniently.  A  number  of  leading  retailers  are  using 
electronic  kiosks  to  offer  customers  expanded  merchandise 
assortments  not  normally  stocked  in  their  stores.  Consumers 
can  view  and  compare  products,  obtain  product  information, 
determine  whether  the  product  is  in  stock,  and  even  order  and 
pay  for  the  product  at  the  kiosk. 
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Retail  stores  with  kiosks  in  place  attribute  the 
acceptance  to  consumers  increased  comfort  with  computers.  One 
ATM-like  kiosk  has  many  capabilities.  Consumers  are  using 
kiosks  to  obtain  coupons  with  their  personal  "frequent 
shopper"  cards  (Rowland,  1990) .  Dayton  Hudson  Corporation  has 
a  kiosk  program  that  offers  complete  bill  payment  services. 
Other  kiosk  programs  offer  personalized  gift  certificates  and 
bridal  registries  that  allow  the  bride  and  groom  to  walk 
around  the  store  with  a  scanner  and  record  their  wish  list 
into  the  system  ("Touch  Screen",  1994). 

Consumers  are  using  other  forms  of  technology  at  retail 
to  make  their  purchase  process  easier.  Target  Great land  has 
installed  scanners  and  telephones  throughout  its  stores.  The 
scanners  allow  shoppers  to  perform  their  own  price  checks, 
while  the  telephones  connect  shoppers  to  the  service  desk  to 
ask  questions  or  request  personal  service  (Jacobs,  1994) . 

Technology  is  being  utilized  to  improve  the  relationships 
and  procedures  that  speed  the  flow  of  information  and 
merchandise  between  retailers  and  manufacturers.  Barcoding 
and  point-of-sale  (PCS)  scanning  are  two  such  technologies 
that  allow  retailers  to  1)  increase  customer  checkout 
productivity  by  eliminating  manual  entry  of  information,  2) 
track  merchandise  at  the  item  level  throughout  the  pipeline, 

3)  eliminate  the  need  to  re-mark  merchandise  for  promotions, 

4)  increase  distribution  center  productivity  and  speed  by 
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reducing  or  eliminating  manual  receiving  and  checking 
procedures  ("Quick  Response",  1991) .  The  industry-wide  use  of 
scanning  will  continue  to  grow  because  consumers  are 
accustomed  to  seeing  POS  systems  when  they  shop  ("C-Stores", 
1994) .  These  technologies  have  proven  to  be  good  investments 
in  the  retail  community  for  Macy's  Northeast  and  Wal-Mart 
(Robins,  1992) . 

Retailers  and  Manufacturers 

The  retail  industry  is  responsible  for  the  selling  of 
goods  and  services  to  the  ultimate  consumer  (Morganstein  & 
Strongin,  1987).  The  industry  consists  of  135,000  retailers 
specializing  in  fashion  apparel  and  accessories  in  their 
merchandise  assortment  (Jarnow  &  Guerreiro,  1991).  In  1993, 
it  was  estimated  that  19,346,000  people  were  employed  in  the 
retail  industry  (U.S.  Department  of  Commerce,  1993). 

The  domestic  apparel  manufacturing  industry  is  composed 
of  firms  that  are  vertically  integrated  to  varying  degrees. 
Some  companies  perform  all  activities  from  design  to 
production  to  distribution  of  branded  apparel.  Other 
companies  focus  on  cutting  the  piece  goods  and  sewing  the 
garments,  but  do  not  design  apparel,  purchase  the  raw 
materials,  or  distribute  the  finished  goods.  Still  others 
license  designs  from  independent  designers  then  manufacture 
and  distribute  the  garments  (Troxell,  1976) . 


20 


More  than  one  million  people  are  employed  in  the  U.S. 
apparel  manufacturing  industries;  842,000  are  production 
workers.  There  are  21,301  apparel  or  other  textile  product 
companies  with  23,168  plants  in  the  U.S.  (Grill  &  Sharkley, 
1991) .  Retailers  and  manufacturers  have  realized  that 
developing  strong,  mutually  interdependent  relationships  is 
critical  in  achieving  consumer  satisfaction.  The  heart  of 
retailer-manufacturer  relationships  is  the  sharing  of 
information  through  the  use  of  technology.  Retailers  are 
sharing  point-of-sale  (POS)  scanner  data  with  suppliers  and 
receive  automatic  replenishment  from  suppliers  thereby 
eliminating  the  need  for  large  inventories. 
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CHAPTER  III 
METHODOLOGY 

The  methodology  chapter  is  divided  into  eight  sections: 
1)  research  design,  2)  hypotheses,  3)  instrument,  4)  sample 
selection,  5)  field  test,  6)  data  collection,  7)  data 
analysis,  and  8)  operational  definitions. 

Research  Design 

The  survey  research  method  provides  a  descriptive  and  an 
analytical  study.  The  descriptive  study  determines  consumers' 
acceptability  of  body  scanning,  specifically  the  three  body 
scanning  outputs:  made-to-measure  (application  a) ,  data  card 
(application  b) ,  and  computer  imaging  (application  c)  and 
gives  a  current  understanding  of  sizing  problems  with  the  fit 
of  apparel  for  female  consumers  (research  objectives  1  &  2) . 
The  analytical  study  examines  differences  in  acceptability  by 
demographic  variables  (research  objective  3,  hypotheses  1-4). 
The  analytical  study  also  examines  differences  in  fit  problems 
by  a  demographic  variable  (research  objective  4,  hypothesis 
5). 

Hypotheses 

The  statistical  and  alternative  hypotheses  tested  in  this 
study  are  given  below.  The  research  hypotheses  are  the  same 
as  the  statistical  alternative  hypotheses  in  each  case. 

HIA:  Age  has  no  effect  on  the  appeal  of  application  (a) . 
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HIB;  Age  has  no  effect  on  the  appeal  of  application  (b) . 

HlC;  Age  has  no  effect  on  the  appeal  of  application  (c) . 

AlA:  Age  has  an  effect  on  the  appeal  of  application 

(a) . 

AIB:  Age  has  an  effect  on  the  appeal  of  application 

(b) . 

AlC;  Age  has  an  effect  on  the  appeal  of  application 

(c) . 


H2A; 

Age 

has 

no 

an 

effect 

on 

the 

use 

of 

application 

(a). 

H2B: 

Age 

has 

no 

an 

effect 

on 

the 

use 

of 

application 

(b)  . 

H2C: 

Age 

has 

no 

an 

effect 

on 

the 

use 

of 

application 

(c)  . 

A2A;  Age  has  an  effect  on  the  use  of  application 

(a) . 

A2B:  Age  has  an  effect  on  the  use  of  application 

(b) . 

A2C:  Age  has  an  effect  on  the  use  of  application 

(c)  . 

H3A;  Body  size  has  no  effect  on  the  appeal  of  application  (a) . 

H3B:  Body  size  has  no  effect  on  the  appeal  of  application  (b)  . 

H3C;  Body  size  has  no  effect  on  the  appeal  of  application  (c) . 

A3A;  Body  size  has  an  effect  on  the  appeal  of 

application  (a) . 

A3B;  Body  size  has  an  effect  on  the  appeal  of 

application  (b) . 

A3C:  Body  size  has  an  effect 
application  (c) . 


on  the  appeal  of 
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H4A:  Body  size  has  no  effect  on  the  use  of  application  (a) . 
H4B;  Body  size  has  no  effect  on  the  use  of  application  (b) . 
H4C:  Body  size  has  no  effect  on  the  use  of  application  (c) . 


A4A: 

Body 

size 

has 

an 

effect 

on 

the 

use 

of 

application 

(a). 

A4B: 

Body 

size 

has 

an 

effect 

on 

the 

use 

of 

application 

(b). 

A4C: 

Body  size 

has 

an 

effect 

on 

the 

use 

of 

application  (c) . 

H5:  There  is  no  association  between  amount  spent  on  wardrobe 

and  fit  problems. 

A5:  There  is  an  association  between  amount  spent  on  wardrobe 

and  fit  problems. 

Instrument 

A  five-page  questionnaire  (See  Appendix  A)  was  developed 
to  collect  data  with  the  assistance  of  Dr.  Nancy  Staples, 
Clemson  Apparel  Research  Center.  Industry  interviews  were 
conducted  with  (TC)^  and  Wrangler  for  further  input  in  the 
questionnaire.  This  instrument  was  refined  with  the  help  of 
Dr.  David  Herr,  a  UNCG  Statistical  Consulting  Center 
statistician. 

The  instrument  consisted  of  four  sections  of  forced- 
choice  type  questions  to  address  the  research  objectives  and 
the  hypotheses.  Section  I  included  a  two  paragraph 
description  of  a  body  scan  experience  followed  by  five 
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questions  related  to  this  experience.  One  question  (Q#l) 
assessed  a  consumers'  willingness  to  have  a  body  scan. 
Question  #2  indicated  which  price  the  consumer  was  willing  to 
pay  for  a  body  scan  initially  and  for  an  update.  How 
accessible  a  body  scanner  has  to  be  in  order  for  the  consumer 
to  use  it  was  assessed  by  Question  #3.  Question  #4  determined 
whether  the  consumer  would  be  more  willing  to  have  a  body  scan 
if  a  body  suit  was  worn.  Question  #5  asked  if  the  consumer 
thought  having  a  body  scan  was  worth  their  time  in  order  to 
have  better  fitting  apparel. 

Section  II  included  the  description  of  three  different 
applications  of  the  body  scan  output  and  asked  questions  about 
the  appeal  and  usage  of  body  scanning.  The  appeal  of  the 
three  applications  (Q#6,7,8)  consisted  of  a  Likert  scale 
(l=Not  at  all,  5=Very)  with  Question  #9  asking  which 
application  was  most  appealing.  Questions  #10,  #11,  and  #12 
asked  the  consumer  how  often  they  would  use  the  three 
applications  (Likert  scale,  l=Not  at  all;  5=Very) .  Question 
#13  determined  which  application  would  be  used  most 
frequently.  Question  #14  asked  for  which  of  eight  apparel 
products  would  the  consumer  most  likely  use  body  scanning. 
Appeal  and  usage  will  be  used  to  measure  acceptability. 

Section  III  consisted  of  questions  relating  to  the  fit  of 
everyday  apparel  and  jeans  including  the  fit  of  tops  and 
bottoms  (Q#15) .  Question  #16  asked  whether  the  consumer  tries 
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on  several  size  garments  before  one  is  found  that  fits.  Two 
questions  requested  the  consumer's  size  when  purchasing  shirts 
and  blouses  (Q#17  Junior,  Junior  Petite,  Missy,  Missy  Petite, 
and  Womens)  and  jeans  and  slacks  (Q#18) .  The  following  two 
questions  addressed  alterations,  specifically,  frequency  of 
alteration  (Q#19) ,  (Likert  scale;  l=Never,  3=Always)  and 
consumer's  willingness  to  pay  more  (Q#20)  and  dollar  amount 
more  (Q#20(l))  for  everyday  apparel  made  to  their  size 
specifications.  Question  #21  asked  the  consumer  if  they  had 
ever  purchased  made-to-measure  apparel.  Questions  #22-25 
related  to  consumer  fit  problems  with  jeans  including  length, 
waist,  hips  (Q#23);  number  of  garments  tried  (Q#24) ,  and 
difficulty  in  fit  (Q#25) ,  (Likert  scale;  l=Easy,  5=Difficult) . 
The  final  question  of  this  section  (Q#26)  asked  questions 
regarding  frequency  of  alterations  (Likert  scale;  l=Never, 
3=Always) . 

Finally,  Section  IV  contained  demographic  questions 
(Q#27-33)  consisting  of  age,  household  income  level,  ethnic 
background,  education  level,  dollar  amount  spent  on  wardrobe 
last  year  and  computer  usage.  The  last  question  (Q#33)  was  an 
open-ended  question  that  asked  if  the  consumer  had  anything 
they  would  like  to  tell  about  the  size  and/or  fit  of  apparel. 

Sample  Selection 

The  population  consisted  of  State  Personnel  Act  (SPA) 
employees  at  the  University  of  North  Carolina  at  Greensboro. 
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The  list  consisted  of  820  people  (273  male,  527  female) 
employed  full-time  in  various  positions  ranging  from  research 
assistants  to  secretarial  to  housekeeping.  The  273  males  were 
eliminated  from  the  population  so  that  the  study  would  focus 
exclusively  on  female  consumers,  purchasers  of  the  majority  of 
apparel  products. 

From  the  remaining  527  females,  a  sample  of  200  was 
generated  through  a  pseudo-random  table  of  numbers.  This  was 
accomplished  by  numbering  the  list  of  527  females,  indicating 
there  were  527  to  the  computer,  drawing  200  numbers  from  the 
computer  and  selecting  the  corresponding  numbers  on  the  list. 
Permission  from  the  University  of  North  Carolina  at  Greensboro 
was  obtained  to  use  human  subjects  in  this  study  (see  Appendix 
A). 

Field  Test 

A  field  test  of  the  instrument  was  conducted  with  a 
senior-level  textile  products  marketing  and  a  retail  buying 
class  at  the  University  of  North  Carolina  at  Greensboro. 
Forty  students  completed  the  questionnaire  and  provided 
suggestions  regarding  questionnaire  format,  ease  of 
understanding,  length  of  time  required,  and  the  order  of 
questions.  These  suggestions  were  used  to  refine  the 
questionnaire  before  it  was  administered  to  the  sample. 
Question  2  was  changed  to  distinguish  between  paying  for  an 
initial  and  updated  body  scans.  After  the  first  field  test. 
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Section  I  and  Section  II  were  reversed  because  suggestions 
indicated  that  a  consumer  might  be  more  willing  to  have  a  body 
scan  after  they  knew  what  they  could  do  with  the  output.  The 
second  field  test  neither  supported  nor  opposed  this  belief, 
therefore  Section  I  and  Section  II  were  used  in  the  original 
order . 

Data  Collection 

The  survey  research  method  was  used  to  collect  data.  A 
cover  letter  and  five-page  questionnaire  were  mailed  to  the 
SPA  employees  via  campus  mail  in  February  1994  (Appendix  A) . 
The  cover  letter  explained  the  purpose  of  the  study  and  asked 
the  respondent  to  return  the  completed  questionnaire  to  a 
campus  address  by  a  date  which  was  approximately  two  weeks 
after  they  received  the  questionnaire.  An  identification 
number  (1—200)  was  placed  on  the  back  of  the  fourth  page  at 
the  bottom  right  corner  for  identification  purposes  only.  The 
purpose  of  the  identification  number  was  clearly  explained  in 
the  cover  letter. 

Data  Analysis 

Means  and  frequencies  were  calculated  on  all  items . 
Descriptive  statistics  and  inferential  statistics  were  used  to 
determine  consumers'  interest  in  body  scanning  and  to  assess 
current  sizing  problems  with  the  fit  of  apparel  (Research 
Objectives  1  and  2)  .  Univariate  procedures  were  performed  to 
identify  differences  in  appeal  and  use  of  applications  (a) , 
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(b) ,  and  (c)  .  Vector  descriptions  were  used  to  identify 
frequent  response  combinations  relating  to  appeal  and  use 
(Q#6-8,  Q#10-12;  research  objective  1).  Chi-square  tests 
provided  inferential  statistics. 

To  test  Hypotheses  1  &  2,  the  age  variable  was  collapsed 
into  four  levels.  The  first  two  levels  were  combined  into  one 
group,  as  were  the  last  two  levels,  creating  four  new  age 
groups.  Analysis  of  variance  (ANOVA)  was  used  to  determine  if 
the  four  consumer  age  groups  differed  on  the  appeal  of  body 
scanning. 

To  test  Hypotheses  3  &  4,  a  size  variable  was  created 
(from  responses  to  Q#17  &  18)  to  identify  female  consumers  who 
wore  small,  average,  and  large  sizes.  The  small  group  was 
defined  as  sizes  less  than  or  equal  to  7  in  Junior,  Junior 
Petite,  Missy,  and  Missy  Petite.  The  average  group  was 
defined  as  sizes  greater  than  or  equal  to  8  and  less  than  or 
equal  to  12  in  Junior,  Junior  Petite,  Missy,  and  Missy  Petite. 
The  large  group  was  defined  as  13  or  greater  in  Junior,  Junior 
Petite,  Missy,  Missy  Petite,  and  Womens  sizes.  The  three  size 
groups  were  validated  by  an  industry  representative.  Analysis 
of  variance  (ANOVA)  was  used  to  determine  if  the  three  size 
groups  differed  on  the  appeal  of  body  scanning  for  each  of  the 
three  applications. 

To  test  Hypothesis  5,  chi-square  tests  were  used  to 
determine  if  there  was  an  association  between  amount  spent  on 
wardrobe  and  fit  problems  (Q#15) . 
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Acceptability: 


Age: 


l^ount  spent: 


Operational  Definitions 

Consists  of  two  components:  appeal 
and  use  (Continuous,  Q#6,  Q#7,  Q#8 
(appeal);  Q#10,  Q#ll,  Q#12  (use) ; 
Categorical,  Q#9,  Q#13) . 

Respondent's  age  divided  into  4 
groups  (1)  younger  than  30,  (2)  30- 
39,  (3)  40-49,  and  (4)  50  and  older 
(Categorical,  Q#27) . 

The  amount  spent  on  wardrobe  last 
year  (Categorical,  Q#31) . 


Appeal:  The  appeal  of  the  three  body  scan 

applications:  made-to-measure,  data 
card,  and  computer  imaging 
(Continuous,  Q#6,  Q#7,  Q#8; 
Categorical,  Q#9) . 


Body  scan  application: 


Ethnic  background: 


Large  sizes: 


Made-to-measure : 


Size: 


Use: 


Three  different  outputs  of 
information  from  a  body  scan:  made- 
to-measure,  data  card,  and  computer 
imaging  (Continuous,  Q#6,  Q#7,  Q#8 
(appeal);  Q#10,  Q#ll,  Q#12  (use) ; 
Categorical,  Q#9,  Q#13) . 

The  race  of  the  consumer,  Asian, 
Black,  Hispanic,  White  (Categorical, 
Q#29) . 

Sizes  13  and  greater  in  junior, 
junior  petite,  missy,  missy  petite, 
and  womens  sizes  (Categorical,  Q#17, 
Q#18) . 

Apparel  made  to  one's  own  size 
specifications  (Categorical,  Q#21) . 

The  name  of  the  category  of  clothes 
a  female  wears  to  fit  her  figure 
type:  junior,  junior  petite,  missy, 
missy  petite,  and  womens  sizes 
(Categorical,  Q#17,  Q#18) . 

The  use  of  the  three  body  scan 
applications:  made-to-measure,  data 
card,  and  computer  imaging 
(Continuous,  Q#10,  Q#ll,  Q#12; 
Categorical,  Q#13) . 
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CHAPTER  IV 
RESULTS 

The  purpose  of  this  study  was  to  determine  the  market 
feasibility  of  a  body  scanning  system  for  consumer  use  in  the 
retail  setting.  The  four  specific  research  objectives  were: 

1)  To  determine  consumers'  interest  in  body  scanning. 

Specifically,  determine  consumers'  acceptability  of  three 
body  scan  outputs:  made-to-measure,  data  card,  and 

computer  imaging. 

2)  To  assess  current  sizing  problems  with  the  fit  of 
apparel. 

3)  To  determine  if  acceptability  differs  by  demographics. 

4)  To  determine  if  fit  problems  differ  by  demographics. 

Sample  Characteristics 

A  total  of  97  (out  of  200)  employed  female  consumers 
returned  the  questionnaire  (48.5%  response  rate)  .  The  largest 
group  of  respondents  (36.1%)  were  ages  30  to  39.  Of  the 
remaining  respondents,  16.5%  were  below  age  30,  25.8%  were 
ages  40  to  49  and  19.6%  were  ages  50  and  above.  Tables  B-1  and 
B-2. 

The  household  income  level  of  24.7%  of  the  respondents 
was  below  $30,000  a  year.  Thirty-one  percent  of  the 
respondents  had  an  annual  household  income  level  between 


31 


$30,000  and  $49,999,  followed  by  40.2%  of  the  respondents  who 
earned  above  $50,000  a  year. 

The  majority  of  the  sample  (84.5%)  was  white,  with  the 
remaining  sample  being  black  (11.3%)  and  Asian  (1.0%)  (no 
response=3 . 2%)  .  Approximately  half  of  the  respondents  (47.4%) 
had  a  high  school  diploma  and  some  college  or  vocational 
training,  followed  by  25.5%  of  the  respondents  who  held  a 
bachelor's  degree.  Only  10.3%  of  the  sample  had  some  graduate 
school,  with  14.4%  holding  graduate  degrees  (no 
response=2 . 4%) . 

As  a  whole,  45.4%  of  the  sample  spent  between  $200  and 
$499  on  their  wardrobe  last  year  and  30%  spent  between  $500 
and  $999.  Only  10.3%  spent  less  than  $200;  11.3%  spent  more 
than  $1,000  (no  response=3 . 0%) .  Nearly  all  of  the  respondents 
(97%)  used  a  computer  in  the  work  environment. 

Research  Objective  1 

Research  objective  1  sought  to  determine  interest  in  the 
three  body  scan  outputs:  (a)  made-to-measure,  (b)  data  card, 
and  (c)  computer  imaging.  Interest  was  measured  with  seven 
components;  willingness,  appeal,  use,  relationship  of  appeal 
and  use,  product,  willingness  to  pay,  and  accessibility. 
Willingness 

Over  three-fourths  of  the  sample  (76%)  were  willing  to 
have  a  body  scan.  The  majority  (67%)  of  the  respondents 
believed  that  having  a  body  scan  was  worth  the  time. 
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Appeal 

All  of  the  body  scan  applications  were  appealing  to  the 
respondents  (Table  1) .  Application  (b) ,  data  card,  was  most 
appealing  to  respondents  (33%) ,  followed  by  application  (c) 
at  32.0%  (computer  imaging)  and  application  (a)  at  21.6% 
(made-to  measure) .  Vector  descriptions  (Appendix  B,  Table  B- 
3)  were  used  to  uncover  the  most  common  response  combinations 
for  appeal.  Sixteen  consumers  indicated  that  all  three 
applications  ((a),  (b)  and  (c))  were  very  appealing.  These 
consumers  can  be  characterized  as  having  fit  problems  and 
having  to  try  on  several  sizes  before  finding  one  that  fits. 
Eleven  consumers  found  all  three  of  the  applications  not  at 
all  appealing,  and  nine  found  all  of  the  applications  somewhat 
appealing.  The  body  size  of  the  consumer  was  not  an  issue 
when  measuring  appeal  in  this  case. 

Use 

Consumers'  response  to  usage  of  the  body  scan 
applications  were  not  very  different  from  responses  to  appeal 
(Table  1)  .  Respondents  indicated  (37.1%)  that  they  would  most 
use  application  (b) ,  data  card.  Application  (c) ,  computer 
imaging,  was  indicated  to  be  the  most  used  by  32%  of 
respondents.  Only  18.6%  of  respondents  said  they  would  most 
use  application  (a),  made-to-measure  (no  response=12 . 3%) . 
Vector  descriptions  (see  Appendix  B)  were  used  to  uncover  the 
most  common  response  combinations  for  usage.  Ten  consumers 
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indicated  that  all  three  applications  ((a),  (b)  and  (c))  would 
not  be  used.  These  consumers  can  be  characterized  as  having 
very  few  fit  problems  with  no  need  to  try  on  several  sizes  to 
find  the  correct  fit.  The  body  size  of  the  consumer  was  not 
an  issue  when  measuring  use  in  this  case. 


Table  1 

Appeal  and  Usage  of  Body  Scanning 


Means /Std  Error 

AoDlication 

Aoneal 

Usaae 

(a)  Made-to-measure 

3.34/1.51 

2.75/1.27 

(b)  Data  card 

3.59/1.38 

3.25/1.35 

(c)  Computer  imaging 

3.48/1.47 

3.11/1.42 

Note:  The  means  value  ranged  from  1 — 5  (l=Not  at  all, 


5=Very) . 

Relationship  of  appeal  and  use 

The  differences  in  consumers'  responses  to  appeal  and 
usage  are  presented  in  Tables  2  and  3.  In  general,  the  appeal 
of  the  body  scanning  applications  is  greater  than  the  usage. 
To  further  examine  appeal  and  usage,  univariate  results 
indicated  the  following  for  each  of  the  three  applications: 
(1)  some  respondents  (36.5-44.8%)  found  the  applications  more 
appealing  than  usable,  (2)  almost  half  (50.0-54.2%)  found  the 
applications  equally  appealing  and  usable,  and  (3)  a  few 
respondents  (5. 2-9. 3%)  found  the  applications  more  usable  than 
appealing. 
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Table  2 

Aooeal  of  Bodv  Scannina 

Application 

Not  at  all 

Somewhat 

Very 

(a)  Made-to-measure 

25.8% 

27.8% 

46.0% 

(b)  Data  card 

20.6% 

19.6% 

58.7% 

(c)  Computer  imaging 

26.8% 

17.5% 

54.6% 

Note;  Percentages  based  on 

sample  size  of 

97. 

Table  3 

Use  of  Bodv  Scannina 

Application 

Not  at  all 

Somewhat 

Very 

( a )  Made-to-measure 

42.2% 

29.9% 

26.8% 

(b)  Data  card 

32.0% 

17.5% 

49.5% 

(c)  Computer  imaging 

35.1% 

20.6% 

43.2% 

Note;  Percentages  based  on  a  sample  size  of  97. 


Chi-square  tests  were  conducted  to  determine  if  there  was 
an  association  between  appeal  and  usage  for  each  of  the  three 
applications.  In  all  three  cases  the  chi-square  statistic  was 
significant  ((a),  P=0.0000;  (b)  ,  P=0.0000;  (c)  ,  P=0.0000). 
The  chi-square  statistic  within  cells  was  examined  (Appendix 
C,  Table  C-1-3)  .  The  chi-square  statistic  for  the  cell  not  at 
all  appealing  and  not  often  used  (1,1)  for  each  of  the  three 
applications  was  greater  than  expected  ((a)  33.607;  (b) 
59.559;  (c)  44.501).  The  cell  very  appealing  and  very  often 
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used  (5,5)  also  had  a  greater  chi-square  statistic  for  each  of 
the  three  applications  ((a)  14.667;  (b)  18.002;  (c)  11.403). 
Those  respondents  that  thought  the  three  body  scan 
applications  were  appealing  would  use  them;  those  who  did  not 
think  the  three  applications  were  appealing  would  not  use 
them. 

Product 

Respondents  were  asked  to  choose  from  a  list  all  products 
for  which  they  would  potentially  use  body  scanning.  The 
results  indicated  that  consumers  would  use  body  scanning  for 
jeans  and  slacks  (75.3%),  followed  by  53.6%  for  swimwear  and 
52.6%  for  blouses  and  shirts.  There  was  also  interest  in 
using  body  scanning  for  other  apparel  products  such  as  skirts, 
shoes,  dresses,  suits  and  coats. 

Willingness  to  oav 

When  asked  how  much  they  would  pay  for  an  initial  body 
scan,  36.1%  of  respondents  said  $5  while  20.6%  indicated  $10. 
Respondents  (44.3%)  were  also  willing  to  pay  $5  for  an  updated 
body  scan.  Three  percent  of  respondents  would  pay  $10  for  an 
updated  body  scan. 

Results  from  a  chi-square  test  indicated  that  38.4%  of 
respondents  would  not  pay  for  an  initial  or  update  body  scan 
(Appendix  C,  Table  C-4) .  One  respondent  (1.2%)  who  was  not 
willing  to  pay  for  an  initial  scan  was  willing  to  pay  $5  for 
an  update  of  the  card;  no  one  was  willing  to  pay  $10.  The 
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tests  showed  that  10.5%  of  the  respondents  (n=9)  who  paid  $5 
for  an  initial  scan  would  not  pay  for  an  updated  scan;  27.9% 
would  pay  another  $5  for  an  updated  scan,  but  no  one  was 
willing  to  pay  $10  for  an  updated  scan.  All  those  respondents 
(n=19)  who  would  pay  $10  for  an  initial  scan  were  willing  to 
pay  for  an  update  of  the  card;  18.6%  would  pay  $5,  3.5%  would 
pay  another  $10. 

Of  the  respondents  who  indicated  that  they  have  problems 
with  the  fit  of  apparel  (Table  C-5) ,  42.3%  (n=81)  were  willing 
to  pay  $5  for  an  initial  body  scan  and  23.4%  were  willing  to 
pay  $10  for  an  initial  scan.  More  than  half  (51.4%)  of  the 
respondents  with  fit  problems  were  willing  to  pay  $5  for  an 
updated  body  scan.  Only  4%  were  willing  to  pay  $10  for  an 
update  (Table  C-6) . 

Accessibility 

Accessibility  of  body  scanning  technologies  was  important 

51.5-e  of  the  respondents  willing  to  have  a  scan  if  there 
was  one  per  dressing  room  area.  Approximately  one-fourth 
(24.7%)  would  have  a  scan  if  there  was  only  one  per  store; 
only  13.4%  of  respondents  required  body  scan  technologies  in 
their  dressing  room  before  they  would  use  it.  Of  the 
respondents,  41.2%  would  be  more  willing  to  have  a  body  scan 
if  they  could  wear  a  body  suit  during  the  process. 
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Research  Objective  2 

Current  sizing  problems  with  the  fit  of  everyday  apparel 
and  jeans  were  measured.  Specific  fit  problems  relate  to  the 
waist,  length  and  hips  of  jeans,  the  number  of  pairs  tried  on, 
and  the  alterations  needed  for  the  length,  waist  and  inseam. 
In  order  to  do  this  respondents  were  asked  to  reveal  the 
size(s)  and  size  category (ies)  they  wore. 

Everyday  apparel 

Forty-four  percent  indicated  that  they  sometimes  alter 
their  everyday  apparel  to  fit.  More  than  half  (50.5%)  would 
be  willing  to  pay  more  for  apparel  made  to  their  own  size 
specifications.  Some  respondents  (17.5%)  have  already 
purchased  made-to-measure  apparel. 

Jeans 

Many  respondents  have  problems  with  the  fit  of  jeans 
(mean  3.3/5  point  Likert  scale)  .  Problems  with  the  fit  of  the 
waist  is  experienced  by  51.5%  of  respondents  who  wear  jeans 
(n=84) .  Length  is  a  problem  for  49.5%  of  respondents.  The 
hip  area  is  a  problem  for  45.4%  of  respondents.  The  majority 
of  respondents  (75.3%)  must  try  on  several  sizes  when  trying 
on  different  brands  of  jeans.  Approximately  half  (45.4%  )  try 
on  1  to  3  pairs  of  jeans  before  they  find  a  pair  that  fits. 
Some  (19.6%)  have  to  try  on  4  to  6  pairs,  while  others  (9.3%) 
try  on  7  or  more  pairs  of  jeans  before  they  find  jeans  that 
fits. 


38 


In  addition  to  having  problems  finding  jeans  that  fit, 
some  people  alter  jeans.  The  length  of  the  jeans  is  the  most 
often  altered  part  of  jeans;  16.5%  alter  sometimes  and  10.3% 
always  alter  the  length  of  jeans.  Sometimes  respondents  alter 
the  waist  (13.4%)  of  their  jeans.  The  inseam  is  another  area 
altered  on  jeans,  but  only  6.2%  of  respondents  indicated  that 
they  sometimes  and  1%  always  alters  the  inseam. 

Testing  of  the  Hypotheses 

HIA:  Age  has  no  effect  on  the  appeal  of  application  (a) . 

AlA:  Age  has  an  effect  on  the  appeal  of  application 

(a) . 

Analysis  of  variance  (ANOVA)  was  used  to  determine  if  any 
of  the  observed  differences  between  the  four  age  groups  were 
statistically  significant.  Results  were  not  found  to  be 
significant  for  application  (a)  (P=0.3808)  indicating  that  the 
age  groups  showed  no  difference  in  the  appeal  of  application 
(a) ,  made-to-measure  (Appendix  D,  Table  D-1) .  There  is  no 
evidence  that  age  has  an  effect  on  the  appeal  of  application 
(a) . 

HIB:  Age  has  no  effect  on  the  appeal  of  application  (b) . 

AIB:  Age  has  an  effect  on  the  appeal  of  application 

(b) . 

Analysis  of  variance  (ANOVA)  was  used  to  determine  if  any 
of  the  observed  differences  between  the  four  age  groups  were 
statistically  significant.  Results  were  not  found  to  be 
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significant  for  application  (b)  (P=0.3453)  indicating  that  the 
age  groups  showed  no  difference  in  the  appeal  of  application 

(b)  ,  data  card  (Appendix  D,  Table  D-3) .  There  is  no  evidence 
that  age  has  effect  on  the  appeal  of  application  (b) . 

HlC:  Age  has  no  effect  on  the  appeal  of  application  (c) . 

AlC;  Age  has  an  effect  on  the  appeal  of  application 
(c). 

Analysis  of  variance  (ANOVA)  was  used  to  determine  if  any 
of  the  observed  differences  between  the  four  age  groups  were 
statistically  significant.  Results  were  not  found  to  be 
significant  for  application  (c)  (P=0.5764)  indicating  that  the 
age  groups  showed  no  difference  in  the  appeal  of  application 

(c)  ,  computer  imaging  (Appendix  D,  Table  D-5) .  There  is  no 
evidence  that  age  has  effect  on  the  appeal  of  application  (c) . 

Results  from  the  chi-square  test  indicated  that  consumers 
in  all  four  age  groups  found  either  the  data  card  or  the 
computer  imaging  the  most  appealing  body  scan  application;  the 
chi-square  statistic  was  not  significant  (P=0.4170)  (Appendix 
C,  Table  C-7) .  Consumers  below  age  30  and  between  the  ages  of 
40  and  49  thought  the  data  card  was  most  appealing  while  those 
age  30-39  found  the  computer  imaging  most  appealing.  The 
oldest  groups  (50+)  found  both  the  data  card  and  computer 
imaging  most  appealing.  There  is  no  evidence  of  an 
association  between  age  and  appeal. 
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H2A:  Age  has  no  effect  on  the  use  of  application  (a) . 

AlA:  Age  has  an  effect  on  the  use  of  application 

(a) . 

Analysis  of  variance  (ANOVA)  was  used  to  determine  if  any 
of  the  observed  differences  between  the  four  age  groups  were 
statistically  significant.  Results  were  not  found  to  be 
significant  for  application  (a)  (P=0.2341)  indicating  that  the 
age  groups  showed  no  difference  in  the  use  of  application  (a) , 
made-to-measure  (Appendix  D,  Table  D-7) .  There  is  no  evidence 
that  age  has  an  effect  on  the  use  of  application  (a) . 

H2B:  Age  has  no  effect  on  the  use  of  application  (b) . 

AIB:  Age  has  an  effect  on  the  use  of  application 

(b) . 

Analysis  of  variance  (ANOVA)  was  used  to  determine  if  any 
of  the  observed  differences  between  the  four  age  groups  were 
statistically  significant.  Results  were  not  found  to  be 
significant  for  application  (b)  (P=0.3652)  indicating  that  the 
age  groups  showed  no  difference  in  the  use  of  application  (b) , 
data  card  (Appendix  D,  Table  D-9) .  There  is  no  evidence  that 
age  has  an  effect  on  the  use  of  application  (b) . 

H2C:  Age  has  no  effect  on  the  use  of  application  (c) . 

AlC:  Age  has  an  effect  on  the  use  of  application 

(c) . 

Analysis  of  variance  (ANOVA)  was  used  to  determine  if  any 
of  the  observed  differences  between  the  four  age  groups  were 
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statistically  significant.  Results  were  not  found  to  be 
significant  for  application  (c)  (P=0.9186)  indicating  that  the 
age  groups  showed  no  difference  in  the  use  of  application  (c) , 
computer  imaging  (Appendix  D,  Table  D-11) .  There  is  no 
evidence  that  age  has  an  effect  on  the  use  of  application  (c)  . 

Results  from  the  chi-square  tests  were  used  to  compare 
the  four  age  groups  in  terms  of  their  use  of  body  scanning 
applications  (a) ,  (b) ,  and  (c) ;  the  chi-square  statistic  was 
not  significant  (P=0.5120)  (Appendix  C,  Table  C-8) .  Three  age 
groups  of  consumers  (below  30,  40-49,  and  50+)  all  claimed 
they  would  most  use  the  data  card.  Only  those  consumers  age 
30-39  would  most  use  computer  imaging.  There  is  no  evidence 
of  an  association  between  age  and  use. 

H3A:  Body  size  has  no  effect  on  the  appeal  of  application  (a)  . 

A3A:  Body  size  has  an  effect  on  the  appeal  of 
application  (a) . 

An  ANOVA  test  determined  if  a  statistically  significant 
difference  existed  in  the  appeal  of  application  (a)  among  the 
three  body  size  groups.  Results  were  not  found  to  be 
significant  (P=0.8513)  for  application  (a),  indicating  that 
the  three  groups  showed  no  difference  in  the  appeal  of 
application  (a)  (Appendix  D,  Table  D-13) .  There  is  no 
evidence  that  body  size  has  an  effect  on  the  appeal  of 
application  (a) . 
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H3B:  Body  size  has  no  effect  on  the  appeal  of  application  (b) . 

A3B:  Body  size  has  an  effect  on  the  appeal  of 

application  (b) . 

An  ANOVA  test  determined  if  a  statistically  significant 
difference  existed  in  the  appeal  of  application  (b)  among  the 
three  body  size  groups.  Results  were  not  found  to  be 
significant  (P=0.9152)  for  application  (b) ,  indicating  that 
the  three  groups  showed  no  difference  in  the  appeal  of 

application  (b)  (Appendix  D,  Table  D-15) .  There  is  no 
evidence  that  body  size  has  an  effect  on  the  appeal  of 

application  (b) . 

H3C;  Body  size  has  no  effect  on  the  appeal  of  application  (c)  . 

A3C:  Body  size  has  an  effect  on  the  appeal  of 

application  (c) . 

An  ANOVA  test  was  conducted  to  determine  if  any  of  the 
observed  differences  between  the  three  body  size  groups  were 
statistically  significant.  Results  were  not  found  to  be 
significant  for  application  (c)  (P=0.6502)  indicating  that  the 
age  groups  showed  no  difference  in  the  appeal  of  application 
(c)  (Appendix  D,  Table  D-17) .  There  is  no  evidence  that  body 
size  has  an  effect  on  the  appeal  of  application  (c) . 

Chi-square  tests  revealed  that  the  three  body  size  groups 
found  different  applications  most  appealing;  the  chi-square 
statistic  was  not  significant  (P=0.1130)  (Appendix  C,  Table  C- 
9) .  The  small  size  consumers  found  the  made-to-measure  and 
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data  card  (applications  a  &  b)  most  appealing.  Average  size 
respondents  thought  the  data  card  (application  b)  most 
appealing.  The  computer  imaging  (application  c)  was  most 
appealing  to  the  large  consumers.  There  is  no  evidence  of  an 
association  between  body  size  and  appeal.  The  appeal  of  the 
computer  imaging  may  be  a  solution  to  the  fit  problems  of 
large-size  women  reported  by  Chowdary  and  Beale  (1988) . 

H4A:  Body  size  has  no  effect  on  the  use  of  application  (a) . 

A4A;  Body  size  has  an  effect  on  the  use  of 

application  (a) . 

An  ANOVA  test  determined  if  a  statistically  significant 
difference  existed  in  the  use  of  application  (a)  among  the 

three  body  size  groups.  Results  were  not  found  to  be 

significant  (P=0.7355)  for  application  (a),  indicating  that 
the  three  groups  showed  no  difference  in  the  use  of 

application  (a)  (Appendix  D,  Table  D-19) .  There  is  no 

evidence  that  body  size  has  an  effect  on  the  use  of 

application  (a) . 

H4B:  Body  size  has  no  effect  on  the  use  of  application  (b) . 

A4B:  Body  size  has  an  effect  on  the  use  of 

application  (b) . 

An  ANOVA  test  determined  if  a  statistically  significant 
difference  existed  in  the  use  of  application  (b)  among  the 
three  body  size  groups.  Results  were  not  found  to  be 

significant  (P=0.6584)  for  application  (b) ,  indicating  that 
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the  three 

groups  showed 

no 

difference  in 

the  use 

of 

application 

(b)  (Appendix 

D, 

Table  D-21) . 

There  is 

no 

evidence  that  body  size 

has 

an  effect  on 

the  use 

of 

application  (b) . 

H4C:  Body  size  has  no  effect  on  the  use  of  application  (c) . 

A4C;  Body  size  has  an  effect  on  the  use  of 
application  (c) . 

An  ANOVA  test  determined  if  a  statistically  significant 
difference  existed  in  the  use  of  application  (c)  among  the 
three  body  size  groups.  Results  were  not  found  to  be 
significant  (P=0.3292)  for  application  (c) ,  indicating  that 
the  three  groups  showed  no  difference  in  the  frequency  of  use 
of  application  (c)  (Appendix  D,  Table  D-23) .  There  is  no 
evidence  that  body  scanning  has  an  effect  on  the  use  of 
application  (c) . 

Chi-square  tests  revealed  that  the  three  body  size  groups 
would  most  often  use  the  same  applications  that  they  found 
most  appealing.  The  chi-square  statistic  was  significant 
(P=0.0260)  (Appendix  C,  Table  C-iO) .  A  greater  number  of 
small-size  consumers  than  expected  would  most  often  use  the 
made-to-measure  application  (application  a)  .  In  addition, 
more  large-size  consumers  than  expected  would  most  often  use 
the  computer  imaging  (application  c)  .  There  is  evidence  of  an 
association  between  body  size  and  the  most  often  used 
application.  DeLong,  Ashdown,  Butterfield  and  Turnbladh 
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(1990)  reported  that  those  women  who  have  fit  problems  have  to 
look  to  custom  fit  apparel.  This  finding  that  there  is  an 
association  between  body  size  and  most  often  use  offers  small, 
average  and  large-size  women  alternatives  to  custom  fit 
apparel . 

H5:  There  is  no  association  between  amount  spent  on  wardrobe 
and  fit  problems. 

A5:  There  is  an  association  between  amount  spent 
on  wardrobe  and  fit  problems. 

Chi-square  tests  revealed  that  those  two  groups  of 
respondents  ($200  or  less,  $1,000  or  more)  reported  less 
problems  with  fit  than  the  remaining  two  groups  (spending 
$200-499,  500-999);  the  chi-square  statistic  was  not 
significant  (P=0.5140).  There  is  no  evidence  of  an 
association  between  amount  spent  on  wardrobe  and  fit  problems. 
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CHAPTER  V 

SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 

Summary 

The  purpose  of  this  study  was  to  determine  the 
feasibility  of  a  body  scanning  system  for  consumer  use  at 
retail.  The  Engel,  Blackwell,  and  Miniard  Decision  Process 
Model  (1993)  was  the  conceptual  framework  used  in  this  study 
and  this  study  focused  on  the  first  stage,  need  recognition. 
Need  recognition  essentially  depends  on  how  much  discrepancy 
exists  between  the  actual  state  (i.e.,  the  consumer's  current 
situation)  and  the  desired  state  (i.e.,  the  desired 
situation) .  When  this  discrepancy  exceeds  a  certain  level,  a 
need  is  recognized. 

Data  was  collected  using  a  five-page  questionnaire  mailed 
to  the  sample  in  February,  1994.  The  questionnaire  consisted 
of  items  relating  to  the  acceptability  of  body  scanning, 
sizing,  fit  problems,  as  well  as  demographics.  The  sample 
chosen  for  the  study  consisted  of  200  female  SPA  employees  at 
the  University  of  North  Carolina  at  Greensboro;  a  total  of  97 
(48.5%  response  rate)  returned  the  questionnaire. 

The  women  in  the  sample  were  employed  in  positions 
ranging  from  research  assistant  to  secretarial  to 
housekeeping.  Two-fifths  of  the  sample  had  an  annual 
household  income  of  the  sample  of  $50,000  and  above.  The 
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females  in  the  study  were  ages  18  and  older,  but  the  largest 
portion  was  30-39.  The  sample  was  almost  all  white  with  some 
black  respondents.  The  education  of  the  sample  ranged  from 
holding  a  high  school  diploma  to  graduate  degrees.  The 
majority  of  the  women  in  the  study  spent  between  $200  and 
$1,000  on  their  wardrobe  last  year.  Nearly  all  the 
respondents  had  used  a  computer  at  work. 

Research  Objective  1 

Consumers  interest  in  body  scanning  was  examined, 
specifically,  acceptability  of  the  three  body  scan  outputs; 
made-to-measure,  data  card,  and  computer  imaging.  The 
respondents  were  willing  to  have  a  body  scan.  All  three  of 
the  body  scan  applications  were  found  to  be  appealing.  The 
data  card  was  the  most  appealing  followed  by  the  computer 
imaging.  The  made-to-measure  application  was  the  least 
appealing  application  of  the  three.  Some  respondents  reported 
very  strong  feelings  about  the  applications  and  stated  that 
they  thought  all  the  applications  were  very  appealing.  Other 
respondents  possessed  very  strong  feelings  that  none  of  the 
applications  were  appealing. 

In  general,  consumers'  response  to  each  of  the  three  body 
scan  applications  was  examined.  For  each  of  the  three 
applications  about  half  of  the  respondents  (50-54.7%)  rated 
the  applications  equally  appealing  and  usable.  Other 
respondents  (36.5-44.8%)  found  the  applications  more  appealing 
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than  usable.  Only  a  small  percentage  of  respondents  (5.2- 
9.3%)  found  the  applications  more  usable  than  appealing. 

Consumers'  usage  of  the  three  body  scan  applications  was 
similar  to  the  appeal.  The  data  card  would  be  most  used 
followed  by  the  computer  imaging  and  made-to-measure.  A 
portion  of  the  respondents  indicated  that  they  would  not  use 
any  of  the  applications.  These  consumers  can  be  characterized 
as  having  very  few  fit  problems  with  no  need  to  try  on  several 
sizes.  The  appeal  and  usage  of  the  three  applications  was 
consistent  for  the  data  card  and  computer  imaging  but  not  for 
the  made-to-measure.  Even  though  some  respondents  found  it 
appealing,  they  would  not  necessarily  use  it. 

Consumers  would  use  the  body  scan  technologies  when 
purchasing  bottoms  (jeans  and  slacks) ,  swimwear,  and  tops 
(blouses  and  shirts) .  They  were  willing  to  pay  for  initial 
scans  as  well  as  for  updates  (range  $5-$10)  .  The  results 
indicate  that  the  body  scan  technology  needs  to  be  located 
only  one  per  dressing  room  area.  Less  than  half  of  the 
respondents  would  be  more  willing  to  have  a  scan  if  they  could 
wear  a  bodysuit. 

Research  Objective  2 

Current  sizing  problems  with  the  fit  of  everyday  apparel 
and  jeans  were  measured.  Almost  half  of  the  respondents 
indicated  that  they  sometimes  alter  their  everyday  apparel. 
More  than  half  would  be  willing  to  pay  more  for  apparel  made 
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to  their  own  size  specifications.  Fit  problems  with  jeans 
occur  in  the  waist,  hip  area,  and  length.  It  is  common  for 
respondents  to  have  to  try  on  more  than  one  pair  to  find 
proper  fit. 

Testing  of  the  Hypotheses 

Five  research  hypotheses  were  developed  to  answer 
research  objectives  3  (Hypotheses  1-4)  and  4  (Hypothesis  5) . 
Means  and  frequencies  were  run  to  provide  descriptive 
statistics.  Analysis  of  variance  (ANOVA)  tests  were  used  to 
test  Hypotheses  1-4.  A  chi-square  test  was  used  to  test 
Hypothesis  5. 

ANOVA  tests  were  used  to  test  Hypotheses  1-4.  None  of 
the  hypotheses  tested  produced  significant  results  at  the  .05 
level.  Results  indicated  that  the  age  of  the  consumer  does 
not  effect  the  appeal  or  usage  of  the  three  body  scanning 
applications.  In  addition,  consumers'  body  size  has  no  effect 
on  the  appeal  or  usage  of  the  three  body  scanning 
applications.  The  mean  scores  for  Hypotheses  1-4  were 
examined;  no  clear  pattern  emerged.  For  example,  the  younger 
consumers  and  large  body  size  consumers  did  not  always  have 
the  highest  mean  scores  on  appeal  and  usage. 

Chi-square  tests  revealed  an  association  between  body 
size  and  the  most  often  used  body  scan  application;  the  chi- 
square  statistic  was  significant  (P=0.0260)  .  A  greater  number 
of  small-size  respondents  than  expected  would  most  often  use 
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the  made-to-measure  application.  More  large-size  consumers 
than  expected  would  most  use  the  computer  imaging  application. 

Chi-square  tests  were  used  to  test  Hypothesis  5;  the 
results  were  not  statistically  significant.  There  is  no 
evidence  of  an  association  between  amount  spent  on  wardrobe 
and  fit  problems. 

Conclusions 

This  study  was  designed  to  determine  consumers'  interest 
in  body  scanning  technologies.  The  need  recognition  stage  of 
the  EBM  Decision  Process  Model  (Engel,  Blackwell,  &  Miniard, 
1993)  was  found  to  be  useful  in  providing  an  integrated 
approach  to  this  assessment.  Body  scanning  technologies  are 
feasible  for  the  apparel  market  with  employed  female 
consumers . 

Results  indicated  that  the  majority  (76%)  of  the  sample 
were  willing  to  have  a  body  scan.  Neither  age  nor  body  size 
had  an  effect  on  the  appeal  or  use  of  the  three  applications. 
This  may  indicate  that  for  this  sample  feasibility  is  not  an 
age  or  body  size  issue. 

A  portion  of  the  respondents  (16.5%)  found  all  three  body 
scanning  applications  very  appealing.  These  consumers  were 
characterized  as  having  fit  problems  with  tops  and  bottoms  and 
having  to  try  on  several  size  garments. 

A  part  of  the  sample  (n=ll,  11.3%)  did  not  find  any  of 
the  applications  appealing  and  10  (of  11) of  these  consumers 
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claimed  that  they  would  not  use  any  of  the  three  applications. 
These  two  groups  of  respondents  are  the  same  consumers  who 
experience  very  few  fit  problems  and  do  not  try  on  several 
sizes  before  finding  the  correct  fit. 

The  respondents  were  asked  to  indicate  how  appealing  and 
potentially  usable  each  of  the  three  body  scan  applications 
were  to  them.  Even  though  the  three  applications  were  found 
appealing  and  usable,  in  general  responses  appeared  much  more 
appealing  than  usable.  Further  examination  revealed  that  for 
each  of  the  three  applications:  (1)  some  respondents  (36.5- 
44.8%)  found  the  applications  more  appealing  than  usable,  (2) 
almost  half  (50.0-54.2%)  found  the  applications  equally 
appealing  and  usable,  and  (3)  a  few  respondents  (5. 2-9. 3%) 
found  the  applications  more  usable  than  appealing. 

The  data  card  was  both  most  appealing  and  most  usable 
followed  by  the  computer  imaging  and  the  made-to-measure.  The 
made-to-measure  application,  the  preferred  application  of 
manufacturers,  was  not  as  appealing  as  the  data  card  or 
computer  imaging. 

Consumers  would  use  body  scanning  before  purchasing  jeans 
and  slacks,  swimwear,  and  blouses  and  shirts.  Not  only  did 
consumers  indicate  that  they  would  be  willing  to  have  a  body 
scan,  but  they  were  also  willing  to  pay  for  $5  (36.1%)  and  $10 
(20.6%)  for  an  initial  scan.  There  were  even  consumers 
willing  to  pay  $5  (44.3%)  and  $10  (3.1%)  each  time  they 
updated  their  card. 
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Implications 

The  following  are  implications  for  educators.  This  study: 

1)  reinforces  the  use  of  the  conceptual  framework  (EBM)  to 
identify  need  recognition,  the  first  stage,  and 

2)  contributes  to  the  void  in  the  literature  pertaining  to 
the  market  feasibility  of  body  scanning  and  size 
prediction  technologies  at  retail. 

Implications  for  retailers  and  manufacturers  from  results  of 

this  study  are  to: 

1)  consider  body  scanning  technologies,  especially  the  data 
card  and  computer  imaging,  and 

2)  adopt  body  scanning  for  bottoms,  swimwear  and  tops. 

Recommendations 

Recommendations  for  retailers  and  manufacturers  from  results 

of  this  study  are  to: 

1)  further  explore  consumers'  appeal  and  usage  of  body 
scanning  technologies  by  pre-  and  post-testing  actual 
consumer  exposure  to  the  technologies,  and 

2)  consider  the  purchase  of  body  scanning  technologies  for 
in-store  use. 

Recommendations  for  future  study  are  to: 

1)  further  explore  demographic  variables  that  may  give 

insight  on  the  consumer's  appeal  and  use  of  the  three 
applications,  such  as  race  and  income. 
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2) 

3) 


i-n  o  -  °vnxetGs  or  fitneec  market 

to  compare  fit  problems,  and 

add  additional  variables  to  tK  • 

he  instrument  to  obtain  evian 
more  specific  ^  .  ooT:ain  even 
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APPENDIX  A 


COVER  LETTER,  QUESTIONNAIRE,  AND 
HUMAN  SUBJECTS  APPROVAL  FORM 


THE  UNIVERSHY  OF  NORTH  CAROLINA 


GREENSBORO 


School  of  Human  Environmental  Sciences 
Department  of  Clothing  and  Textiles 


February  10,  1994 


li¬ 


near  2-: 

Have  you  ever  been  dissatisfied  with  the  fit  of  your  clothes?  We  all  would  like  to  have 
clothes  made  for  our  specific  body  measurements.  The  Clothing  and  Textiles  Department  at 
UNCG  is  interested  in  helping  consumers  and  manufacturers  understand  the  nature  of  apparel 
"fit"  problems.  This  research  focuses  on  the  use  of  body  scanning  technology  to  help 
consumers  purchase  better  fitting  clothes. 

You  are  part  of  a  carefully  selected  sample  of  female  consumers.  I  would  greatly  appreciate 
it  if  you  would  complete  the  enclosed  questionnaire  and  return  it  through  campus  mail.  A 
mailing  label  has  been  attached  so  that  all  you  have  to  do  is  fold  and  staple  the  questionnaire. 
The  survey  will  take  approximately  10  minutes  to  complete. 

You  are  assured  of  complete  confidentiality.  The  questionnaire  has  an  identification  number 
for  mailing  purposes  only.  The  number  enables  us  to  remove  your  name  from  the  mailing 
list  when  the  questionnaire  is  returned.  Your  name  will  never  be  placed  on  the 
questionnaire. 

Please  return  the  completed  survey  by  February  28,  1994.  Thank  you  in  advance  for  your 
time  and  interest. 

Sincerely, 


Audra  Knight 
Graduate  Student 


Nancy  L.  Cassill,  Ph.D. 
Associate  Professor 
Thesis  Advisor 


Enclosure 


210  Slone  Building.  UNCG.  Greensboro,  NC  27412-5001 
(910)  334-5250 


SECTION  I 


DIRECTIONS:  Please  read  the  description  of  a  body  scan  experience  and  answer  the 

related  questions  below. 

Body  scanning  technologies  are  being  developed  to  take  accurate  measurements  of  the  human 
body  in  order  to  provide  better  fitting  apparel  to  the  consumer.  A  typical  body  scan  experience 
includes  visiting  your  favorite  retail  store  where  body  scan  booths  are  located.  The  sp^i^ly 
designed  computerized  booth  can  be  found  in  the  dressing  room  area  of  the  store.  The  inside 
of  the  booth  is  black  with  dim  lighting  and  is  operated  solely  by  the  consumer.  The  booth  is 
larger  than  the  average  dressing  room  with  ample  room  to  remove  all  articles  of  clothing,  except 
your  underwear,  before  the  body  scan.  After  you  have  removed  your  clothes  and  are  standing 
at  the  specified  location  in  the  booth,  you  simply  push  a  button  and  your  measurements  will  be 
taken. 


The  booth  has  a  non-contact  data  gathering  device  consisting  of  a  series  of  ^ddeo  cameras 
connected  to  a  computer  where  the  data  is  used  to  make  size  predictions.  No  video  image  of 
your  body  is  produced  and  the  actual  measurement  time  is  only  6  seconds.  When  the 
measurement  process  is  over  you  may  get  dressed  and  leave  the  booth.  At  this  point  you  can 
choose  to  have  your  measurements  transferred  to  an  electronic  card  or  kept  in  a  database  or 
both.  If  you  choose  the  card,  it  will  be  generated  within  a  few  minutes  and  you  can  take  it  with 
you.  If  you  choose  to  have  your  measurements  stored  on  the  database  you  can  access  them 
whenever  you  visit  a  retail  store  with  this  technology.  The  body  measurement  information  can 
be  updated  as  often  as  you  like. 


1.  Would  you  be  willing  to  have  a  body  scan? 

_ yes 

no 


2. 


3. 


4. 


How  much  would  you  be  willing  to  pay  for  a  body  scan?  Assume  the  cost  would  include 
the  data  card  and/or  data  storage  and  retrieval  at  the  retail  store. 

Initial  Time  Update 


$0.00 

$5.00 

$10.00 


$0.00 

$5.00 

$10.00 


How  accessible  does  a  body  scanner  have  to  be  in  order  for  you  to  use  it? 

_  one  per  store 

_  one  per  dressing  room  area 

_  every  dressing  room 

Would  you  be  more  willing  to  have  a  body  scan  if  you  could  wear  a  body  suit  during  the 
process? 

_ yes 

_ no 


5. 


Do  you  think  it  is  worth  your  time  to  have  a  body  scan  in  order  to  have  better  fitting 
apparel? 

_ yes 

no 


SECTION  n 


DIRECTIONS:  Please  read  the  brief  passages  below  on  the  possible  applications  of 

body  scanning  for  apparel  purchases  and  answer  the  related  questions. 

(a)  Body  scanning  can  produce  made-to-measure  clothing.  It  will  be  possible  to  have 
your  own  measurements,  stored  on  a  card  or  in  a  database,  transmitted  directly 
to  the  manufacturer  so  that  they  can  produce  apparel  to  meet  your  size 
specifications.  All  you  have  to  do  is  visit  your  favorite  retail  store,  have  your 
body  scanned,  select  an  item  of  apparel  you  would  like  to  purchase  and  choose 
a  style  and  color.  Once  you  have  decided  on  a  style  and  color,  that  information 
along  with  your  measurements  will  be  transmitted  to  the  manufacturer  where  your 
apparel  will  be  cut  and  sewn  to  your  size  specifications.  Your  clothes  will  arrive 
at  your  home  in  about  5  days. 

(b)  Body  scanning  can  generate  a  data  card  with  your  body  measurements.  This  card 
can  be  used  three  ways: 

1)  When  you  want  to  make  a  direct  mail  (catalog)  purchase,  you  will  insert 
the  data  card  in  the  slot  on  the  phone.  As  the  operator  accesses  your  body 
dimensions,  the  correct  garment  size  for  that  particular  item  is  sent 
directly  to  you. 

2)  When  you  want  to  make  a  "convenience"  purchase  in  a  retail  store,  you 
will  insert  the  card  in  a  machine  in  the  retail  store  and  the  correct  size  for 
a  particular  brand  will  be  selected  for  you.  This  may  elinunate  your 
trying  on  many  different  garments  thus  saving  you  time  and  money. 

3)  Your  card  can  be  sent  to  someone  who  wishes  to  purchase  a  gift  for  you. 
For  example,  if  the  card  is  sent  to  a  grandparent,  the  grandparent  can 
come  into  the  retail  store,  "call  up"  your  body  dimensions,  and  purchase 
a  product  for  you  that  "fits." 

(c)  Body  scanning  can  project  your  image  "on  screen"  with  a  particular  product 
superimposed  on  your  body.  This  will  enable  you  to  look  at  a  computer  screen 
and  "try-on"  clothes  on-screen.  Instead  of  carrying  10  items  into  the  dressing 
room,  you  may  "try-on"  the  apparel  on-screen  first  to  see  how  they  will  look  on 
your  computer  image.  This  will  enable  you  to  automatically  rule  out  clothes  that 
do  not  fit  your  body  well. 

Not  at 

all  Somewhat  Very 

6.  Is  application  (a)  appealing  to  you?  1  2  3  4  5 

7.  Is  application  (b)  appealing  to  you?  1  2  3  4  5 

8.  Is  application  (c)  appealing  to  you?  1  2  3  4  5 


9. 


Which  application  is  most  appealing  to  you?  (Circle  one)  (a)  (b)  (c) 


10.  How  often  would  you  use  application  (a)? 

11.  How  often  would  you  use  application  (b)? 

12.  How  often  would  you  use  application  (c)? 

13.  Which  application  would  you  use  most  frequently?  (Circle  one)  (a)  (b)  (c) 

14.  For  what  apparel  products  would  you  be  most  likely  to  use  body  scanning?  (Circle 
all  that  apply) 

Hosiery  Jeans/slacks  Swimsuits  Sleepwear  Undergarments 
Blouses/shirts  Jackets  Exercise  Apparel  Other _ 


SECTION  m 

DIRECTIONS:  Please  answer  the  following  questions  related  to  the  fit  of  garments. 

15.  Do  you  currently  have  problems  with  the  fit  of  any  garments? 

_ yes - >  _ tops 

_ no  _ bottoms 

_ both 

16.  Do  you  have  to  try  on  several  size  garments  before  you  find  one  that  fits? 

_ yes 

_ no 

17.  What  size  do  you  most  often  purchase  in  shirts/blouses?  Put  the  number  of  the  size 
in  the  blank.  (You  may  fill  in  more  than  one  blank.) 

Junior  _ 

Junior  Petite  _ 

Missy  _ 

Missy  Petite  _ 

Womens  _ 

18.  What  size  do  you  most  often  purchase  in  jeans/slacks?  Put  the  number  of  the  size  in 
the  blank.  (You  may  fill  in  more  than  one  blank.) 

Junior  _ 

Junior  Petite  _ 

Missy  _ 

Missy  Petite  _ 

Womens  _ 


Not  at 

all  Somewhat  Very 

1  2  3  4  5 

1  2  3  4  5 

1  2  3  4  5 


19.  How  often  do  you  have  your  everyday  apparel  altered  to  fit? 

_ always 

_ sometimes 

_  never 

20.  Would  you  be  willing  to  pay  more  for  everyday  apparel  made  to  your  own  size 
specifications? 


_ yes - >  How  much  more?  $ _ 

_ no 

21.  Have  you  ever  purchased  made-to-measure  clothing? 

_ yes - >  What  was  it? _ 

_ no 


22.  Do  you  wear  jeans? 

_ yes 

_ no  (skip  to  Question  27) 

23.  Do  you  currently  have  problems  with  the  fit  of  jeans?  (Check  all  that  apply) 

yes  no 

Length  —  >  _  _ 

Waist  —  >  _  _ 

Hips  —  >  _  _ 

24.  When  trying  on  several  brands  of  jeans  do  you  have  to  try  on  several  sizes  before  you 
find  one  that  fits? 

_ yes - >  Average  number  tried  on  (Circle)  1-3  4-6  7-9  10+ 

_ no 


25.  How  difficult  is  it  for  you  to  find  a  pair  of  jeans  that  fits? 

1  2  3  4  5 

Easy  Difficult 

26.  How  often  do  you  have  your  jeans  altered  to  fit? 

Never  Always 

Length - >  12  3 

Waist - >  1  2  3 

Inseam - >  1  2  3 


SECTION  IV 


DIRECTIONS:  Please  circle  the  correct  answer. 

27.  What  is  your  age? 

1.  Below  25 

2.  25-29 

3.  30-39 

4.  40-49 

5.  50-59 

6.  60+ 

28.  What  is  your  household  income  level? 

1.  Below  $15,000 

2.  $15,000-19,999 

3.  $20,000-29,999 

4.  $30,000-49,999 

5.  $50,000-69,999 

6.  $70,000  or  above 

29.  What  is  your  ethnic  background? 

1.  Asian 

2.  Black 

3.  Hispanic 

4.  White 

30.  What  is  the  highest  level  of  education  you  have  completed? 

1.  Some  high  school 

2.  High  school  diploma 

3.  Some  college  or  vocational  training  beyond  high  school 

4.  Bachelor’s  degree 

5.  Some  graduate  school 

6.  Graduate  degree 

31.  How  much  did  you  spend  on  your  wardrobe  last  year? 

1 .  Less  than  $200 

2.  $200-499 

3.  $500-999 

4.  $1,000+ 

32.  Do  you  use  a  computer? 

_ yes 

_ no 

33.  Is  there  anything  you’d  like  to  tell  us  about  the  size  and/or  fit  of  apparel? 


THANK  YOU  FOR  YOUR  TIME  -  PLEASE  FOLD  AND 
STAPLE  THE  QUESTIONNAIRE  BEFORE  DROPPING 
IT  IN  CAMPUS  MAIL. 


UNIVERSITY  OF  NOR'ni  CAROLINA  AT  GREENSBORO 

Institutional  Review  Board 
Notification  Form 


ACTION  TAKEN:  DISPOSITION  OF  APPLICATION: 

-  ^  Exempt  - Approved 

_ Expedited  Review  - Disapproved 

_ Full  IRB  Review 

MODIFICATIONS  AND  COMMENTS: 


r  /y  IRB  Chair/Designee  / 


Approval  of  research  is  valid  for  one  year.  If  your  research  goes  beyond  one  year,  the  project  must  be 
reviewed  prior  to  continuation. 
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Table  B-1 

Description  of  Respondents 


Characteristic 


Frequency 


Percentage 


Willing  to  have  a  body  scan? 


Yes 

23 

23.7 

No 

74 

76.3 

How  much  for  initial  scan? 

$0.00 

35 

36.1 

$5.00 

35 

36.1 

$10.00 

20 

20.6 

No  answer 

7 

How  much  for  update? 

$0.00 

42 

43.2 

$5.00 

43 

44.3 

$10.00 

3 

3.1 

No  answer 

How  accessible  does  scanner  have 

9 

to  be? 


One  per  store 

24 

24.7 

One  per  dressing  room  area 

50 

51.5 

One  per  dressing  room 

13 

13.4 

No  answer 

10 

More  willing  if  wear  bodysuit 


Yes 

40 

41.2 

No 

55 

56.7 

No  answer 

2 

Worth  time  to  have  a  scan? 

Yes 

65 

67.0 

No 

31 

32.0 

No  answer 

1 

68 


Characteristic 


Frequency 


Percentage 
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Description  of  Respondents  fCont^d) 


Characteristic 


Frequency 


Percentage 


Use  of  Application  fb) 


(1)  Not  at  all 

13 

13.4 

(2) 

18 

18.6 

( 3 )  Somewhat 

17 

17.5 

(4) 

28 

28.9 

(5)  Very  often 

20 

20.6 

No  answer 

1 

Use  of  Application  (c) 

(1)  Not  at  all 

18 

18.6 

(2) 

16 

16.5 

( 3 )  Somewhat 

20 

20.6 

(4) 

21 

21.6 

(5)  Very  often 

21 

21.6 

No  answer 

1 

Application  Most  Used 

(a) 

18 

18.6 

(b) 

36 

37.1 

(c) 

31 

32.0 

No  answer 

12 

Would  use  bodv  scannina  for: 

Hosiery 

5 

5.2 

Jeans/slacks 

73 

75.3 

Swimsuits 

52 

53.6 

Sleepwear 

5 

5.2 

Underwear 

32 

33.0 

Blouses/shirts 

51 

52.6 

Jackets 

46 

47.4 

Exercise  apparel 

12 

12.4 

Skirts 

7 

7.2 

Shoes 

4 

4.1 

Dresses 

18 

18.6 

Suits 

6 

6.2 

Coats 

3 

3.1 

Fit  problems 

Yes 

81 

83.5 

No 

14 

14.4 

No  answer 

2 
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Description  of  Respondents  fCont^d) 


Characteristic 


Frequency 


Percentage 


Problems  with  tops 


Yes 

47 

48.5 

No 

34 

35.1 

No  answer 

16 

Problems  with  bottoms 

Yes 

73 

75.3 

No 

8 

8.2 

No  answer 

16 

Problems  with  tops  and  bottoms 

Yes 

40 

41.2 

No 

41 

42.3 

No  answer 

16 

Try  several  garments  for  fit 


Yes 

74 

76.3 

No 

21 

21.6 

No  answer 

2 

Junior  Sizes  -  Tops 


5 

1 

1.0 

6 

2 

2.1 

7 

1 

1.0 

9 

3 

3.1 

10 

2 

2.1 

11 

1 

1.0 

12 

1 

1.0 

13 

2 

2.1 

14 

1 

1.0 

No  answer 

83 

Junior  Petite  Sizes  -  Tops 

6 

1 

1.0 

8 

1 

1.0 

No  answer 

95 
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Description  of  Respondents  fCont^d) 


Characteristic  Frequency  Percentage 


Missy  Sizes  -  Tops 


3 

1 

1.0 

5 

1 

1.0 

6 

6 

6.2 

7 

2 

2.1 

8 

6 

6.2 

9 

4 

4.1 

10 

18 

18.6 

11 

2 

2.1 

12 

9 

9.3 

13 

3 

3.1 

14 

8 

8.2 

16 

3 

3.1 

No  answer 

34 

Missy  Petite  Sizes  -  Tops 

3 

1 

1.0 

4 

2 

2.1 

6 

4 

4.1 

8 

2 

2.1 

10 

1 

1.0 

12 

1 

1.0 

13 

1 

1.0 

14 

1 

1.0 

No  answer 

84 

Womens  Sizes  -  Tops 

10 

1 

1.0 

12 

1 

1.0 

14 

2 

2.1 

15 

1 

1.0 

16 

4 

4.1 

18 

2 

2.1 

20 

2 

2.1 

22 

1 

1.0 

38 

1 

1.0 

No  answer 

82 
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Description  of  Respondents  fCont^d) 


Characteristic 

Frequency 

Percentage 

Junior  Sizes  - 

-  Bottoms 

2 

1 

1.0 

8 

2 

2.1 

9 

3 

3.1 

10 

3 

3.1 

11 

1 

1.0 

15 

1 

1.0 

No  answer 

86 

Junior  Petite 

Sizes  -  Bottoms 

2 

1 

1.0 

8 

1 

1.0 

9 

1 

1.0 

14 

1 

1.0 

No  answer 

93 

Missv  Sizes  - 

Bottoms 

3 

1 

1.0 

5 

1 

1.0 

6 

2 

2.1 

7 

3 

3.1 

8 

9 

9.3 

9 

3 

3.1 

10 

8 

8.2 

11 

2 

2.1 

12 

11 

11.3 

13 

3 

3.1 

14 

10 

10.3 

15 

3 

3.1 

16 

2 

2.1 

18 

1 

1.0 

No  answer 

38 

73 


Description  of  Respondents  CCont^d) 


Characteristic 


Frequency 


Percentage 


Missy  Petite  Sizes  -  Bottoms 


3  1 

4  3 

6  2 

8  2 

9  1 

10  1 

11  1 

12  2 

13  1 

14  2 

16  1 

No  answer  80 

Womens  Sizes  -  Bottoms 

10  1 

12  2 

14  3 

15  1 

16  3 

18  2 

20  2 

22  2 

40  1 

No  answer  80 

Everyday  apparel  altered  to  fit 

Always  4 

Sometimes  43 

Never  47 

No  answer  3 

Pay  more  for  apparel  made  for  you 

Yes  49 

No  43 

No  answer  5 


1.0 

3.1 

2.1 
2.1 
1.0 
1.0 
1.0 
2.1 
1.0 
2.1 
1.0 


1.0 

2.1 

3.1 

1.0 

3.1 

2.1 
2.1 
2.1 
1.0 


4.1 

44.3 

48.5 


50.5 

44.3 


74 


Description  of  Respondents  CCont^d) 


Characteristic 


Frequency 


Percentage 


How  much  more? 


$5 

$7 

$8 

$10 

$12 

$15 

$20 

$35 

$40 

No  answer 


6 

9 

1 

9 

1 

5 

2 

1 

1 

62 


6.2 

9.3 

1.0 

9.3 

1.0 

5.2 

2.1 

1.0 

1.0 


Purchased  made-to-measure 


Yes  17  17.5 
No  78  80.4 
No  answer  2 

Made-to-measure  was? 

Wedding  gown  4  4.1 
Swimsuit  1  1.0 
Dress  7  72 
Skirt  1  l:l 
Bridesmaid  dress  1  1.0 
Evening  gown  1  l.O 
Suit  2  2.1 
No  answer  80 

Wear  ieans 

Yes  84  86.6 
No  10  10.3 
No  answer  3 

Problems  with  length  of  ieans 

48  37.1 
36  49.5 
13 


Yes 

No 

No  answer 
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Description  of  Respondents  fCont^d) 


Characteristic 


Frequency 


Percentage 


Problems  with  the  waist  of  jeans 


Yes 

50 

51.5 

No 

33 

34.0 

No  answer 

14 

Problems  with  the  hips  of  jeans 


Yes 

No 

No  answer 

Try  on  seyeral  sizes  of  ieans 

44 

39 

14 

40.2 

45.4 

Yes 

73 

75.3 

No 

12 

12.4 

No  answer 

12 

Number  try  on 

1-3 

46 

47.4 

4-6 

19 

19.6 

7-9 

4 

4.1 

10+ 

5 

22 

5.2 

Difficulty  to  find  jeans  that  fit 


(1)  Easy 

5 

5.2 

(2) 

14 

14.4 

(3) 

28 

28.9 

(4) 

21 

21.6 

(5)  Difficult 

16 

16.5 

No  answer 

13 

Alter  lenath  of  ieans 

(1)  Neyer 

58 

59.8 

(2) 

16 

16.5 

( 3 )  Always 

10 

10.3 

No  answer 

13 

76 


Description  of  Respondents  fCont^d) 


Characteristic 

Frequency 

Percentage 

Alter  waist  of  ieans 

(1)  Never 

71 

73.2 

(2) 

13 

13.4 

( 3 )  Always 

0 

0.0 

No  answer 

13 

Alter  inseam  of  neans 

(1)  Never 

77 

79.4 

(2) 

6 

6.2 

( 3 )  Always 

1 

1.0 

No  answer 

13 

Age 

Below  25 

3 

3.1 

25-29 

13 

13.4 

30-39 

35 

36.1 

40-49 

25 

25.8 

50-59 

15 

15.5 

60+ 

4 

4.1 

No  answer 

2 

Income 

Below  $15,000 

1 

1.0 

$15,000-19,999 

13 

13.4 

$20,000-29,999 

10 

10.3 

$30,000-49,999 

30 

30.9 

$50,000-69,999 

23 

23.7 

$70,000  or  above 

16 

16.5 

No  answer 

4 

Race 

Asian 

0 

0.0 

Black 

11 

11.3 

Hispanic 

1 

1.0 

White 

82 

84.5 

No  answer 

3 

Description  of  Respondents  fCont^d) 


Characteristic 


Frequency 


Percentage 


Education 


Some  high  school 

0 

0.0 

High  school  diploma 

5 

5.2 

Some  college  or  vocational 

41 

42.3 

training 

25 

25.8 

Bachelor's  degree 

10 

10,3 

Some  graduate  school 

14 

14.4 

Graduate  degree 

No  answer 

2 

Amount  spent  on  wardrobe 

Less  than  $200 

10 

10.3 

$200-499 

44 

45.4 

$500-999 

29 

29.9 

$1,000+ 

11 

11.3 

No  answer 

Use  a  computer  at  work 

3 

Yes 

No 

No  answer 


94 

2 

1 


97,0 

2.1 
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Table  B-2 

Description  of  Respondents  (Means ^ 


Variable 


N  Mean  Std.  Dev.  Min.  Max. 


Appeal  of  (a) 

97 

3.34 

1.51 

1 

5 

Appeal  of  (b) 

96 

3.59 

1.38 

1 

5 

Appeal  of  (c) 

96 

3.49 

1.47 

1 

5 

Use  of  (a) 

96 

2.75 

1.27 

1 

5 

Use  of  (b) 

96 

3.25 

1.35 

1 

5 

Use  of  (c) 

96 

3.11 

1.42 

1 

5 

Frequency  of  jeans 
alteration 

94 

1.53 

.60 

0 

3 

Number  of  jeans  try 
on 

75 

1.55 

.89 

0 

4 

Difficulty  to  find 
jeans  that  fit 

85 

3.30 

1.20 

0 

5 

Frequency  of 
altering  jeans 
length 

85 

1.41 

.71 

0 

3 

Frequency  of 
altering  jeans 
waist 

85 

1.14 

.38 

0 

2 

Frequency  of 
altering  jeans 
ins earn 


85 


1.08 


.35 


0 


3 
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Table  B-3 

Vector  Analysis  -  Appeal  of  Body  Scan  Applications 


Appeal 


Frequency 


Percent 


111 
112 
12  2 

12  5 

13  5 

14  4 

15  1 
15  3 
15  5 
2  2  2 
2  4  4 
2  4  5 

2  5  5 

3  15 
3  2  1 
3  2  4 
3  3  3 
3  3  4 
3  3  5 
3  4  2 
3  4  3 
3  4  4 
3  4  5 
3  5  3 
3  5  4 

3  5  5 

4  3  2 
4  3  4 
4  4  4 
4  4  5 
4  5  1 
4  5  3 
4  5  4 

4  5  5 

5  .  , 

5  3  2 
5  3  5 
5  4  2 


11 

1 

2 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

9 

2 

1 

1 

2 

2 

2 

1 

2 

2 

2 

1 

3 

2 

1 

1 

1 

1 

1 

1 

2 

2 


11.3 

1.0 

2.1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2.1 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

9.3 

2.1 

1.0 

1.0 

2.1 

2.1 

2.1 

1.0 

2.1 

2.1 

2.1 

1.0 

3.1 

2.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

2.1 

2.1 
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Table  B-3  (Cont'd) 

Vector  Analysis  -  Appeal  of  Body  Scan  Applications 


Appeal 


Frequency 


Percent 


5  4  4  4 
5  4  5  3 
5  5  1  1 
5  5  3  3 
5  5  5  16 


4.1 

3.1 
1.0 
3.1 

16.5 
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Table  B-4 

Vector  Analysis  ~  Use  of  Body  Scan  Applications 


Use 


Frequency 


Percent 


...  1 

111  10 

112  1 

12  2  1 

12  5^  2 

13  3  1 

13  5  2 

14  1  1 

14  2  1 

14  4  1 

2  2  2  6 

2  2  3  2 

2  3  1  1 

2  3  3  3 

2  4  2  1 

2  4  3  1 

2  4  4  2 

2  5  3  2 

2  5  4  2 

2  5  5  1 

3  14  1 

3  2  1  2 

3  2  2  2 

3  2  3  1 

3  2  4  1 

3  2  5  1 

3  3  2  1 

3  3  3  1 

3  3  4  2 

3  3  5  1 

3  4  1  2 

3  4  4  2 

3  4  5  6 

3  5  1  1 

3  5  3  2 

3  5  4  1 

3  5  5  2 

4  3  2  2 


1.0 

10.3 

1.0 

1.0 

2.1 

1.0 

2.1 

1.0 

1.0 

1.0 

6.2 

2.1 

1.0 

3.1 
1.0 
1.0 

2.1 
2.1 
2.1 
1.0 
1.0 
2.1 
2.1 
1.0 
1.0 
1.0 
1.0 
1.0 
2.1 
1.0 
2.1 
2.1 
6.2 
1.0 
2.1 
1.0 
2.1 
2.1 
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Table  B~4  (Cont'd) 

Vector  Analysis  -  Use  of  Body  Scan  Applications 


APPENDIX  C 


CHI-SQUARE  ANALYSES 


84 


Table  C-1 

Chi-Scruare  Test  -  Appeal  of  Application  fa)  by 

Use  of  Application  (a) 


APPEAL  OF  (a)  USE  OF  (a) 

I  I  I  I 


Frequency 

Expected 

Cell  Chi-Sq. 
Percent 

Row  Pet. 
Column  Pet. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

_ L 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  j 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2  1 

_L 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3  1 

^  _i. 

1 

1 

1 

1 

I 

1 

( 

1 

1 

1 

1 

1 

4  ! 

. .  1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

^  i 

Total 

I 

7 

.  1 

1  i 

16  i 

2  1 

2  j 

0  j 

0  i 

20 

1 

1 

4.17  1 

4.38  1 

6.04  1 

3.13  1 

2.29  i 

1 

1 

33.61  j 

1.29  j 

2.70  j 

3.13  j 

2.29  j 

1 

1 

16.67  1 

2.08  j 

2.08  1 

0.00  1 

0.00  j 

20.83 

1 

1 

80.00  I 

10.00  ! 

10.00  ! 

0.00  j 

0.00  ! 

1 

1 

_ L 

80.00  i 

9.52  I 

6.90  i 

0.00  ! 

0.00  i 

1 

2  j 

i 

1 

2  ; 

1 

1 

3  j 

1 

0  1 

1 

0  j 

5 

1 

1 

1.04  I 

1.09  I 

1.51  1 

0.78  1 

0.57  1 

1 

1 

1 

0.88  1 

3.32  j 

1.51  j 

0.78  j 

0.57  1 

1 

1 

2.08  j 

3.13  j 

0.00  1 

0.00  j 

0.00  j 

5.21 

1 

1 

40.00  ! 

60.00  1 

0.00  I 

0.00  I 

0.00  I 

1 

1 

_ L. 

10.00  i 

14.29  i 

0.00  i 

0.00  i 

0.00  i 

3  i 

2  1 

12  i 

12  1 

1  i 

0  j 

27 

1 

1 

5.62  ! 

5.91  ! 

8.16  1 

4.22  I 

3.09  ! 

1 

1 

1 

2.34  j 

6.29  1 

1.81  j 

2.46  1 

3.09  j 

1 

1 

2.08  1 

12.50  1 

12.50  1 

1.04  1 

0.00  1 

28.13 

1 

1 

7.41  1 

44.44  1 

44.44  I 

3.70  1 

0.00  1 

1 

1 

_ L. 

10.00  i 

57.14 j 

41.38  i 

6.67  j 

0.00  1 

1 

4  j 

0  j 

1  i 

5  i 

6  I 

0  1 

12 

1 

i 

2.50  i 

2.63  1 

3.63  1 

1.88  j 

1.38  j 

1 

1 

1 

2.50  j 

1.01  j 

0.52  1 

9.08  j 

1.38  j 

1 

1 

0.00  i 

1.04  1 

5.21  1 

6.25  1 

0.00  j 

12.50 

1 

1 

0.00  1 

8.33  1 

41.67  1 

50.00  1 

0.00  ! 

1 

1 

_ 

0.00  i 

“4"" 

4.76  1 

17.24  i 

10.00  ! 

0.00  i 

1 

5  1 

0  j 

3  j 

10  i 

8  1 

11  i 

32 

1 

1 

6.67  1 

7  1 

9.67  1 

5  1 

3.67  1 

1 

1 

1 

6.67  j 

2.29  1 

0.01  1 

1.8  1 

14.67  j 

1 

1 

0.00  1 

3.13  1 

10.42  1 

8.33  1 

11.46  1 

33.33 

1 

1 

0.00  I 

9.38  ! 

31.25  1 

25.00  1 

34.38  ! 

1 

1 

_ L- 

0.00  ! 

14.29  ! 

34.48  i 

53.33  I 

100.0  1 

“T“ 

- h- 

Total 

1 

1 

1 

20  I 

1 

21  1 

29  1 

15  1 

11  I 

96 

1 

1 

20.83  1 

21.88  1 

30.21  I 

15.63  I 

11.46  ! 

100.0 

Frequency  Missing  =  1  Chi-Square  Statistic  P=.0000 
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Table  C-2 

Chi-Square  Test  -  Appeal  of  Application  by 

Use  of  Application  Tb^ 


APPEAL  OP  (b)  USE  OF  (b) 


Frequency 

Expected 

Cell  Chi-Sq. 
Percent 

Row  Pet. 

Column  Pet. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  ^ 

1  i  i 

1  i  I 

(  1  1 

!  1  1 

1  '  ' 

3  j  4  j  5  j  Total 

1 

12 

I  -  —  —  .i-  -ul 

1 

1  1 

0  1  0  1  0  1  13 

1.76 

I  2.44 

2.30  1  3.79  1  2.71  ! 

59.56 

j  0.85 

2.30  1  3.79  1  2.71  I 

12.50 

1  1.04 

0.00  1  0.00  1  0.00  1  13.54 

92.31 

1  7.69 

0.00  !  0.00  1  0.00  ! 

— 

92.31 

1  5.56 

0.00  1  0.00  i  0.00  1 

2 

0 

-j- - - 

1 

i  7 

0  j  0  1  0  1  7 

.95 

1  1.31 

1.24  I  2.04  j  1.46  i 

.95 

j  24.65 

1.24  I  2.04  j  1.46  1 

0.00 

1  7.29 

0.00  i  0.00  1  0.00  j  7.29 

0.00 

!  100.0 

0.00  1  0.00  1  0.00  ! 

— 

0.00 

i  38.89 

0.00  1  0.00  i  0.00  ! 

3 

1 

“T  - 

!  9 

5  i  4  1  0  i  19 

2.57 

!  3.56 

3.36  1  5.54  1  3.96  i 

0.96 

j  8.30 

0.79  !  0.43  !  3.96  j 

1.04 

1  9.38 

5.21  1  4.17  1  0.00  i  19.79 

5.26 

1  47.37 

26.32  1  21.05  !  0.00  I 

7.69 

I  50.00 

29.41  j  14.29  !  0.00  I 

4 

0 

T - -  - 

1  1 

11  1  10  1  2  j  24 

3.25 

!  4.5 

4.25  j  71  51 

3.25 

j  2.72 

10.72  j  1.29  1  1.8  i 

0.00 

i  1.04 

11.46  1  10.42  1  2.08  [  25.00 

0.00 

!  4.17 

45.83  1  41.67  !  8.33  ! 

0.00 

1  5.56 

64.71  i  35.71  !  10.00  ! 

5 

0 

I  0 

i  1  14  1  18  1  33 

4.47 

!  6.19 

5.84  1  9.63  1  6.88  | 

4.47 

j  6.19 

4.04  j  1.99  j  18.00  ! 

0.00 

1  0.00 

1.04  1  14.58  1  18.75  j  34.38 

1 

0.00 

0.00 

3.03  1  42.42  !  54.55  ! 

1 

0.00 
. .  ■  H 

0.00 

5.88  j  50.00  !  90.00  1 

Total  1 

1 

13 

18 

1 

17  j  28  I  20  1  96 

1 

^  .  1 

13.54 

18.75  ! 

17.71  !  29.17  <  20.83  1  T  (in .  n 

Frequency  Missing 

=  1 

Chi-Square  Statistic  'p=.0000 
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Table  C-3 

Chi-Scmare  Test  -  Appeal  of  Application  bv 

Use  of  Apr)lication 


APPEAL  OF  (C)  USE  OP  (c) 


Frequency 

1 

1 

1 

I 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

1 

Expected 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Cell  Chi-Sq. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Percent 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

j 

1 

1 

Row  Pet. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Column  Pet. 

1 

1 

_ L 

1  i 

2  i 

3  i 
_  1 

4  i 

sj 

Total 

1  i 

14  1 

0  1 

1  i 

0  1 

0  1 

15 

1 

1 

2.81  1 

2.5  1 

3.13  1 

3.28  1 

3.28  j 

1 

1 

1 

44.50  1 

2.5  I 

1.45  1 

3.28  j 

3.28  j 

1 

1 

14.58  1 

0.00  i 

1.04  1 

0.00  j 

0.00  j 

15.63 

1 

1 

93.33  1 

0.00  I 

6.67  ! 

0.00  1 

0.00  ! 

1 

1 

_ L 

77.78  1 

0.00  ! 

5.00  j 

0.00  j 

0.00  i 

1 

"T 

2  1 

3  i 

6  j 

2  1 

0  1 

0  j 

11 

1 

1 

2.06  ! 

1.83  I 

2.29  1 

2.41  ! 

2.41  ! 

1 

1 

1 

0.43  ! 

9.47  j 

0.04  1 

2.41  j 

2.41  j 

1 

1 

3.13  j 

6.25  1 

2.08  1 

0.00  1 

0.00  1 

11.46 

1 

1 

27.27  1 

54.55  I 

18.18  ! 

0.00  1 

0.00  I 

1 

_ L. 

16.67  i 

37.50  i 

10.00  i 

0.00  1 

0.00  i 

t 

3  1 

1  i 

7  j 

7  i 

2  i 

0  j 

17 

1 

1 

3.19  1 

2.83  1 

3.54  1 

3.72  1 

3.72  I 

1 

1 

1 

1.50  ! 

6.13  1 

3.38  j 

0.79  I 

3.72  1 

1 

1 

1.04  1 

7.29  1 

7.29  1 

2.08  1 

0.00  1 

17.71 

1 

1 

i 

5.88  ! 

41.18  I 

41.18  ! 

11.76  ! 

0.00  1 

1 

1 

_ L. 

5.56  1 

43.75  ! 

35.00  i 

9.52  i 

0.00  i 

1 

1 

4  1 

0  j 

3  i 

3  j 

8  j 

4  j 

18 

1 

1 

3.38  1 

3  1 

3.75  ! 

3.94  j 

3.94  1 

1 

1 

1 

3.38  1 

0  j 

0.15  I 

4.19  1 

0.00  1 

1 

1 

0.00  1 

3.13  j 

3.13  1 

8.33  j 

4.17  1 

18.75 

1 

1 

1 

0.00  ! 

16.67  ! 

16.67  ! 

44.44  1 

22.22  ! 

1 

1 

_ 

0.00  i 

18.75  i 

15.00  j 

38.10  ! 

19.05  i 

1 

-j— 

- h- 

- 1— 

5  1 

0  1 

0  j 

7  i 

11  j 

17  j 

35 

1 

1 

6.56  1 

5.83  1 

7.29  1 

7.66  I 

7.65  ! 

1 

1 

1 

6.56  j 

5.83  j 

0.01  1 

1.46  I 

11.40  ! 

1 

1 

0.00  1 

0.00  1 

7.29  1 

11.46  j 

17.71  1 

36.46 

1 

1 

0.00  ! 

0.00  1 

20.00  ! 

31.43  I 

48.57  I 

1 

_ L- 

0.00  i 

""  “ 

0.00  ! 
“4"“ 

35.00  j 

52.38  i 

80.95  1 

Total 

1 

1 

1 

18  1 

1 

16  ! 

20  1 

21  j 

21  1 

96 

1 

18.75  j 

16.67  1 

20.83  1 

21.88  i 

21.88  I 

100.0 

Frequency  Missing  =  1  Chi-Square  Statistic  P=.0000 
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Table  C-4 

Chi-Sauare  Test  -  Pav  for  Initial  Scan  bv  Pav  for  Update  Scan 


INITIAL 

Frequency 
Expected 
Cell  Chi“Sq. 
Percent 
Row  Pet. 
Column  Pet. 


UPDATE 


$0 


1  1 

1  1 

1  1 

1  1 

1  1 

1  i 

1  t 

1  1 

1  1 

1  1 

_ $0_| _ $_5| 

33  i  1  i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

$10  1 

1 

0  j 

Total 

34 

16.61  1  16.21  1 

1.19  1 

16.19  1  14.27  1 

1.19  1 

38.37  1  1.16  ! 

0.00  1 

39.53 

97.06  !  2.94  I 

0.00  1 

78.57  1  2.44  ! 

0.00  i 

9  j  24  i 

0  i 

33 

16.12  1  15.73  1 

1.15  1 

3.14  j  4.34  I 

1.15  1 

10.47  1  27.91  1 

0.00  1 

38.37 

27.27  I  72.73  I 

0.00  I 

21.43  i  58.54  i 

0.00  j 

0  1  16  i 

3  1 

19 

9.28  1  9.06  1 

0.66  1 

9.28  j  5.32  j 

8.24  1 

0.00  1  18.60  1 

3.49  1 

22.09 

0.00  !  84.21  ! 

15.79  ! 

0.00  1  39.02  ! 

I  U_ 

100.0  1 

42  I  41  1 

- - , 

3  1 

86 

48.84  j  47.67  j 

3.49  j 

100.0 

$5 


$10 


Total 


Frequency  Missing  =  11 
Chi-Square  Statistic 


P=.0000 


Table  C-5 


Chi-Square  Test  -  Fit  Problems  bv  Pav  for  Initial  Scan 


FIT  PROBLEMS  INITIAL 


Frequency  j 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

j 

Expected  | 

1 

1 

1 

1 

1 

1 

Cell  Chi-Sq.  ! 

1 

I 

1 

1 

1 

1 

Percent  j 

1 

1 

1 

1 

I 

1 

1 

1 

Row  Pet .  1 

1 

1 

1 

1 

1 

1 

Column  Pet.  j 

$0  i 

$5  j 

$10  i 

Total 

f 

. .  1 

No  (0)  1 

8  1 

2  j 

2  i 

12 

1 

1 

4.58  1 

4.72  1 

2.70  1 

1 

i 

1 

2.55  ! 

4.57  j 

0.18  j 

1 

1 

8.99  i 

2.25  1 

2.25  1 

13.48 

1 

1 

66.67  ! 

16.67  j 

16.67  I 

1 

1 

23.53  i 

5.71  i 

10.00  j 

_l_ 

1 

^  '  .  1  '• 

“T* 

Yes  (1)  i 

26  i 

33  i 

18  i 

77 

1 

1 

29.42  ! 

30.28  ! 

17.30  1 

1 

i 

t 

0.40  1 

0.24  1 

0.03  j 

1 

1 

29.21  1 

37.08  j 

20.22  1 

86.52 

1 

1 

33.77  1 

42.86  1 

23.38  ! 

1 

1 

76.47  I 

94.29  i 

90.00  1 

- - — 

Total  1 

1 

34  1 

35  I 

20  1 

89 

1 

1 

38.20  1 

39.33  1 

22.47  I 

100.0 

Frequency  Missing  =  8 
Chi-Square  Statistic 


P=.0840 


Table  C-6 


Chi-Sauare  Test  -  Fit  Problems  bv  Pav  for  Update  Scan 


FIT  PROBLEMS  UPDATE 

I  I  I  I 


Frequency  j  | 
Expected  I  ! 
Cell  Chi-Sq.  !  j 
Percent  |  | 
Row  Pet.  !  1 
Column  Pet.  j  $0  j 

1 

- 1 

in 

</> 

$10 

Total 

No  (0)  i  8  j 

5i 

0 

13 

1  6.13  ! 

6.43  1 

.45 

j  0.57  1 

0.32  j 

.45 

1  9.20  1 

5.75  1 

0.00 

14.94 

1  61.54  ! 

38.46  ! 

0.00 

i  19.51  j 

1  “T" 

11.63  i 

0.00  i 

Yes  (1)  i  33  i 

^  n — 

38  j 

3 

— 

74 

1  34.87  1 

36.58  1 

2.55 

I  0.10  j 

0.06  j 

0.08 

1  37.93  1 

43.68  1 

3.45 

85.06 

!  44.59  ! 

51.35  1 

4.05 

i  80.49  i 

- - -  j 

88.37  1  : 

100.0 

Total  1  41  1 

43  I 

3 

87 

!  47.13  ! 

49.43  ! 

3.45 

100.0 

Frequency  Missing  =  10 
Chi-Square  Statistic 


P=.4560 


Table  C-7 


Chi-Square  Test  -  Age  by  Most  Appealing  Application 


AGE  APPLICATION 


Frequency 

Expected 

Cell  Chi-Sq. 
Percent 

Row  Pet. 
Column  Pet. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

_ L 

1  1 

1  1 

1  t 

1  1 

1  1 

1  1 

1  1 

1  1 

1  1 

1  1 

1  1 

(a)|  (b)| 

1 

1 

1 

1 

I 

1 

1 

1 

I 

1 

1 

1 

(c)  i 

Total 

1.  Below  30 

1 

1 

1 

si  6  j 

5i 

16 

1 

1 

4  1  6.10  I 

5.90  I 

1 

1 

1 

0.25  j  0.00  1 

0.14  j 

1 

1 

5.95  1  7.14  j 

5.95  1 

19.05 

1 

1 

31.25  !  37.50  ! 

31.25  I 

1 

1 

_ L 

23.81  1  18.75  i 

16.13  ! 

2.  30-39 

1 

1 

1 

- 1 - 

1  1 
9  1  8  i 

30 

1 

1 

7.50  !  11.43  I 

11.07  1 

1 

1 

1 

0.30  j  1.03  1 

.34  j 

1 

1 

10.71  1  9.52  1 

15.48  1 

35.71 

1 

1 

30.00  !  26.67  I 

43.33  1 

1 

1 

_ JL. 

42.86  1  25.00  j 

41.94  j 

- h- 

3.  40-49 

1 

1 

1 

6  i  11 1 

6  1 

23 

1 

i 

5.75  I  8.76  ! 

8.49  ! 

1 

1 

1 

0.01  1  0.57  j 

0.72  1 

1 

1 

7.14  1  13.10  1 

7.14  1 

27.38 

1 

1 

26.09  !  47.83  ! 

26.09  1 

1 

1 

_ L. 

28.57  1  34.38  ! 

19.35  1 

— -f.. 

4.  50+ 

1 

1 

1 

1  i  7  j 

7  j 

15 

1 

1 

3.75  1  5.71  1 

5.54  ! 

1 

1 

1 

2.02  j  0.29  1 

0.39  1 

1 

1.19  1  8.33  1 

8.33  1 

17.86 

1 

1 

6.67  !  46.67  I 

46.67  1 

1 

1 

_ L- 

4.76  !  21.88  j 

22.58  i 

- 1 - h- 

Total 

1 

1 

1 

21  !  32  1 

1  1 

31  1 

84 

1 

1 

25.00  1  38.10  I 

36.90  1 

100.0 

Frequency  Missing  =  13 


Chi-Square  Statistic  P=.4170 

(a)  =  Made-to-measure 

(b)  =  Data  card 

(c)  =  Computer  imaging 


Table  C-8 


Chi-Sauare  Test  -  Aae  bv  Most  Usable  Application 


AGE  APPLICATION 


Frequency 

Expected 

Cell  Chi-Sq. 
Percent 

Row  Pet. 
Column  Pet. 

1  1  1  1 

till 
1111 
fill 

1  I  1  1 

1111 
till 
1111 
1111 
1111 
1111 

_ (a).| _ (blj _ (?l|.  T?ta_l 

1.  Below  30 

!  5  i  6  i  5  i  16 

1  3.39  1  6.78  1  5.84  1 

1  0.77  j  0.09  1  0.12  I 

1  5.88  j  7.06  j  5.88  |  18.82 

!  31.25  !  37.50  1  31.25  I 

_j_  27.78  16.67|  16.13_j_ 

2.  30-39 

i  5  i  10  j  14  j  29 

1  6.14  1  12.28  1  10.58  1 

j  0.21  j  0.42  j  1.08  1 

i  5.88  i  11.76  1  16.47  |  34.12 

!  17.24  !  34.48  !  48.28  1 

_ j,_27_:_7_8_|  27.78|  45.16_j^ 

3.  40-49 

1  1  1  1 

1  6  j  10  1  7  1  23 

1  4.87  j  9.74  I  8.39  1 

j  0.26  j  0.01  1  0.23  1 

1  7.06  1  11.76  1  8.24  |  27.06 

!  26.09  !  43.48  !  30.43  ! 

_ 33. 33  27.78  22.58 

4.  50+ 

j  2  i  10  j  5  j  17 

!  3.60  1  7.2  !  6.2  1 

j  0.71  1  1.09  I  0.23  1 

j  2.35  1  11.76  i  5.88  |  20.00 

1  11.76  !  58.82  !  29.41  ! 

__j^_ll_^ll|  27.78_j_  16.13_j^ 

Total 

j  18  1  36  1  31  1  85 

1  21.18  !  42.35  36.47  •  100.0 

Frequency  Missing  =  12 
Chi-Square  Statistic  P=.5120 

(a)  =  Made-to-measure 

(b)  =  Data  card 

(c)  =  Computer  imaging 


Table  C-9 


Chi-Square  Test  -  Size  by  Most  Appealing  Application 


SIZE 

Frequency 
Expected 
Cell  Chi-Sq. 
Percent 
Row  Pet. 
Column  Pet. 


APPLICATION 


-1- 


(a) 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

(b)  1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

J 

1 

(c)  1 

Total 

ot 

8 

2.94  I 

2.94  1 

0.39  I 

2.94  j 

5.06  1 

0.00  1 

10.13 

50.00  ! 

0.00  ! 

13.79  j 

0.00  i 

-j— 

14  i 

12  i 

37 

13.58  ! 

13.58  1 

0.13  1 

0.18  j 

17.72  1 

15.19  1 

46.84 

37.84  ! 

32.43  1 

48.28  I 

41.38  i 

lit 

17  i 

34 

12.48  I 

12.48  1 

0.18  I 

1.64  1 

13.92  1 

21.52  1 

43.04 

32.35  I 

50.00  ! 

37.93  i 

58.62  I 

29 1 

29 1' 

79 

36.71  1 

36.71  1 

100.0 

1.  Small 


-+ 


4 

2.13 

1.65 

5.06 

50.00 

19.05 


2 .  Average 


+ 


11 

9.84 

0.14 

13.92 

29.73 

52.38 


3 .  Large 


Total 


6 

9.04 

1.02 

7.59 

17.65 

28.57_j_ 

21 
26.58 


Frequency  Missing  =  10 
Chi-Square  Statistic 

(a)  =  Made-to-measure 

(b)  =  Data  card 

(c)  =  Computer  imaging 


P=.0870 


Table  C-10 


Chi-Square  Test  -  Size  bv  Most  Usable  Applirat-inn 


SIZE  APPLICATION 


Frequency 

1  1 
! 

1 

1 

1 

Expected 

1  1 

1  1 

1 

1 

Cell  Chi-Sq. 

1  1 

1 

1 

Percent 

1 

1 

1 

Row  Pet. 

i  i 

1 

1 

Column  Pet. 

i _ (a)  i  (b) 

(c)  i 

Total 

1.  Small 

I  4  1  4 

0  j 

8 

i  1.8  1  3.3 

2.9 1 

i  2.69  j  0.15 

2.9  j 

1  5.00  1  5.00 

0.00  i 

10.00 

1  50.00  !  50.00 

0.00  ! 

i  22.22  !  12.12 

0.00  1 

2 .  Average 

1  10  1  17 

10  1 

37 

1  8.33  I  15.26 

13.41  1 

i  0.34  j  0.20 

0.87  j 

!  12.50  1  21.25 

12.50  1 

46.25 

j  27.03  1  45.95 

27.03  I 

1  55.56  1  51.52 

34.48  ! 

3.  Large 

1  - 

!  4  1  12 

19  i 

35 

1  7.88  I  14.44 

12.69  1 

1  1.91  j  0.41 

3.14  1 

1  5.00  1  15.00 

23.75  i 

43.75 

j  11.43  1  34.29 

54.29  ! 

1  22.22  i  36.36 

65.52  ! 

Total 

--j.  1 - 

I  18  1  33  . 

- 1— 

29  I 

80 

1  22.50  1  41.25 

36.25  j 

100.0 

Frequency  Missing  =  9 


Chi-Square  Statistic  P=.0130 

(a)  =  Made-to-measure 

(b)  =  Data  card 

(c)  =  Computer  imaging 
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Table  C-11 

Chi-Square  Test  -  Fit  Problems  bv  Amount  Spent  on  Wardrobe 


FIT  PROBLEMS  AMOUNT  SPENT 

Frequency 
Expected 
Cell  Chi-Sq. 

Percent 
Row  Pet. 

Column  Pet. 


No  (0) 

- H - 1-- 

1  1 

!  2  I 

1  1.49  1 

1  0.18  1 

1  2.13  1 

1  14.29  ! 

1  20.00  1 

7  !  5  I 

6.55  i  4.32  i 
0.03  1  0.11  j 

7.45  1  5.32  1 

50.00  j  35.71  ! 
15_._9l|  17.2_4| 

- h- 

1 

0  j 
1.64  1 
1.64  1 
0.00  1 
0.00  1 
0.00  i 

14 

14.89 

Yes  (1) 

I  8  1 

37  j  24  j 

lit 

80 

1  8.51  1 

37.45  1  24.68  1 

9.36  j 

j  0.03  ! 

0.01  j  0.02  1 

0.28  i 

1  8.51  1 

39.36  1  25.53  | 

11.70  1 

85.11 

I  10.00  ! 

46.25  1  30.00  1 

13.75  ! 

1  80.00  j 

84.09  82.76_j^ 

100.0  j 

Total 

t  lot 

44  !  29  ! 

lit 

94 

1  10.64  j 

46.81  j  30.85  i 

11.70  j 

100.0 

Total 


Frequency  Missing  =  3 

Chi-Square  Statistic  P=.5140 

a  =  Below  $200 
b  =  $200-499 
c  =  $500=999 
d  =  $1,000+ 


APPENDIX  D 


ANALYSIS  OF  VARIANCE  AND  MEANS 
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Table  D“1 

ANOVA  Test  -  Appeal  of  Application  (a)  bv  Aae  Group 


Source 

DF 

Sum  of  Squares  Mean 

Square 

F  Value  Pr>F 

Model 

3 

7.04 

2.35 

1.04  .3808 

Error 

93 

210.74 

2.27 

Corrected 

Total 

96 

217.77 

Table  D-2 

Appeal  of  Application  fa)  Means  bv  Age  Group 


Group 

N 

Mean 

Std .  Err . 

Below  30 

18 

3.39 

1.46 

30-39 

35 

3.71 

1.54 

40-49 

25 

3.64 

1.47 

50+ 

18 

2.84 

1.54 

Table  D-3 

ANOVA  Test  -  Appeal  of  Application  fb)  bv  Aae  Group 
Source  DF  Sum  of  Squares  Mean  Square  F  Value  Pr>F 

Model  3  6.38  2.13  1.12  .3453 

Error  92  174.77  1.90 

Corrected 
Total 


95 


181.16 
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Table  D-4 

Appeal  of  Application  Means  bv  Aae  Group 


Group 

N 

Mean 

Std.  Err. 

Below  30 

18 

3.39 

1.38 

30-39 

35 

3.71 

1.43 

40-49 

25 

3.64 

1.29 

50+ 

18 

2.84 

1.38 

Table  D-5 

ANOVA  Test 

-  Appeal 

of  Application  ^c) 

bv  Aae 

Group 

Source 

DF 

Sum  of  Squares  Mean 

Square 

F  Value  Pr>F 

Model 

3 

4.36 

1.45 

.66  .5764 

Error 

92 

201.63 

2.19 

Corrected 

Total 

95 

205.99 

Table  D-6 


Appeal  of  Application  (c)  Means  bv  Aae  Group 


Group 


Below  30 

30-39 

40-49 


N 

Mean 

Std .  Err . 

18 

3.44 

1.25 

35 

3.31 

1.53 

25 

3.84 

1.55 

18 

3.38 

1.50 

50+ 
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Table  D-7 

ANOVA  Test  -  Use  of  Application  fa)  bv  Age  Group 


Source 

DF 

Sum  of  Squares  Mean 

Square 

F  Value  Pr>F 

Model 

3 

6.94 

2.31 

1.45  .2341 

Error 

92 

147.06 

1.60 

Corrected 

Total 

95 

154.00 

Table  D-8 

Use  of  Application  fa)  Means  bv  Aae  Group 


Group 

N 

Mean 

Std .  Err . 

Below  30 

18 

2.94 

1.39 

30-39 

35 

2.68 

1.30 

40-49 

25 

3.04 

1 .21 

50+ 

18 

2.27 

1.12 

Table  D-9 

ANOVA  Test  -  Use  of  Application  fb^  bv  Aae  Group 

Source  DF  Sum  of  Squares  Mean  Square  F  Value  Pr>F 

Model  3  5.81  1.94 

Error  92 

I 

Corrected  95 

Total 


166.19 

172.00 


1.81 


1.07 


3652 
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Table  D-10 

Use  of  Application  (b)  Means  bv  Age  Group 


Group 

N 

Mean 

Std .  Err . 

Below  30 

18 

3.28 

1.41 

30-39 

35 

2.97 

1.34 

40-49 

25 

3.60 

1.35 

50+ 

18 

3.28 

1.27 

Table  D-11 

ANOVA  Test  -  Use  of  Application  (c)  bv  Age  Group 


Source 

DF 

Sum  of  Squares  Mean 

Square 

F  Value  Pr>F 

Model 

3 

1.03 

.35 

.17  .9186 

Error 

92 

190.70 

2.07 

Corrected 

Total 

95 

191.74 

Table  D-12 

Use  of  Application  (c)  Means  bv  Age  Group 


Group 

N 

Mean 

Std.  Err. 

Below  30 

18 

3.00 

1.41 

30-39 

35 

3.06 

1.49 

40-49 

25 

3.28 

1.40 

50+ 

18 

3.11 

1.41 

RUG-16-’96  FRI  16:01  I D : CU-fiPPF)REL  RESERRCH  TEL  NO : 864-646-8230 
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Tabl«  D-13 

AMQVA  Tegb  -  Appeal  APiplication  fa)  bv  Body  Size  Group 
Source  OF  Sum  of  Square®  Mean  Square  F  Value  Pr>F 

Model  2  .71  .36  .16  .8513 

Error  86  189-47  2.20 

Corrected  88  iso.ie 

Total 


Table  0-14 

Appeal  of.  Application  fa)  Means,  bv  Body  Size  Group 


Group 

N 

Mean 

Std .  Err . 

Snail 

9 

3.56 

1.67 

Average 

42 

3.55 

1.56 

Large 

38 

3.37 

1.34 

Table  D-15 

ANQVA  Test.-  Appeal  of  Application  (b)  bv  Body, Slzo  Group 


Source 

DF 

sum  of  Squares  Mean 

Square  F  Value  Pr>F 

Model 

2 

.32 

.16  .09  .9152 

Error 

85 

153.58 

1.81 

Corrected 

Total 

87 

153.90 
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Table  D“16 

Appeal  of  Application  Means  bv  Body  Size  Group 


Group 

N 

Mean 

Std .  Err . 

Small 

9 

3.67 

1.32 

Average 

41 

3.78 

1.37 

Large 

38 

3.66 

1.32 

Table  D-17 

ANOVA  Test  -  Appeal  of  Application  fc)  bv  Body  Size  Group 


Source 

DF 

Sum  of  Squares  Mean 

Square 

F  Value  Pr>F 

Model 

2 

1.81 

.90 

.43  .6502 

Error 

85 

177.47 

2.08 

Corrected 

Total 

87 

179.27 

Table  D-18 

Appeal  of  Application  (c)  Means  bv  Body  Size  Group 


Group 

N 

Mean 

Std .  Err . 

Small 

9 

3.66 

1.32 

Average 

41 

3.43 

1.47 

Large 

38 

3.74 

1.45 
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Table  D-19 

ANOVA  Test  -  Use  of  Application  fa)  bv  Body  Size  Grour) 


Source 

DF 

Sum  of  Squares  Mean 

Square 

F  Value  Pr>F 

Model 

2 

1.00 

.50 

.31  .7355 

Error 

85 

137.37 

1.62 

Corrected 

Total 

87 

138.36 

Table  D-20 

Use  of  Application  fa)  Means  bv  Body  Size  Group 


Group 

N 

Mean 

Std .  Err . 

Small 

9 

3.11 

1.45 

Average 

41 

3.90 

1.37 

Large 

38 

2.76 

1.01 

Table  D-21 

ANOVA  Test  —  Use  of  Application  fb)  bv  Body  Size  Group 
Source  DF  Sum  of  Squares  Mean  Square  F  Value  Pr>F 

Model  2  1.47  .74  .42  .6584 

Error  85  149.15  1.75 

Corrected  87  150.63 

Total 
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Table  D-22 

Use  of  Aptjlication  fb)  Means  bv  Body  Size  Group 


Group 

N 

Mean 

Std.  Err. 

Small 

9 

3.00 

1.58 

Average 

41 

3.39 

1.39 

Large 

38 

3.45 

1.18 

Table  D-23 

ANOVA  Test  -  Use  of  Application  fc)  bv  Body  Size  Group 


Source 

DF 

Sum  of  Squares  Mean 

Square 

F  Value  Pr>F 

Model 

2 

4.51 

2.26 

1.13  .3292 

Error 

85 

170.39 

2.00 

Corrected 

Total 

87 

174.90 

Table  D-24 

Use  of  Application  fc)  Means  bv  Body  Size  Group 


Group 

N 

Mean 

Std .  Err . 

Small 

9 

2.67 

1.00 

Average 

41 

3.14 

1.48 

Large 

38 

3.42 

1.43 
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ABSTRACT 

An  expert  system  is  being  developed  with  "REMIND",  a  CBR  shell,  to 
predict  the  shirt  sizes  of  soldiers.  This  studty  was  done  to  find 
out  the  optimum  number  of  cases  required  to  predict  satisfactorily. 
The  study  was  done  with  20  tset  cases  The  study  revealved  that  1000 
cases  resulted  in  good  prediction  performance. 
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INTRODUCTION 

An  expert  system  is  being  developed  at  Clemson  Apparel 
Research  center  under  the  guidance  of  Dr  Steve  Davis,  for 
predicting  the  correct  garment  sizes  for  soldiers.  This  systems  is 
being  developed  using  "Case-Based  Reasoning"  (CBR)  shell  "REMIND”. 
Case-based  reasoning  relies  on  the  outcome  of  previously  stored 
cases  to  predict  an  outcome  for  a  case  which  is  similar  or  nearly 
similar  to  one  or  more  stored  cases.  It  seems  logical  to  infer 
that  more  the  number  of  cases,  better  will  be  the  accuracy  of 
prediction. 

In  other  words,  it  is  expected  that  as  cases  are  added,  the 
better  will  be  the  output  prediction,  but  at  some  point  the 
marginal  improvement  may  become  negligible.  This  paper  aims  at 
determining  the  point  where  the  "learning  curve"  starts  flattening. 
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BACKGROUND 

Soldiers  need  uniforms,  and  they  need  uniforms  of  the  right 
size.  Currently  the  U.S  Army  uses  a  manual  method  of  assigning 
sizes.  This  method  involves  a  fitter,  who  takes  the  body 
measurements  of  a  soldier  and  assigns  sizes  for  the  different 
garments  to  be  issued.  If  the  assigned  is  not  correct,  the  final 
size  is  determined  by  trial  and  error  method. 

Inaccuracies  in  predicting  the  correct  garment  sized  could  be 
due  to  many  reasons.  The  fitter  may  take  wrong  measurements  due  to 
wrong  placement  of  measuring  tape,  variations  in  tension  of  the 
measuring  tapes,  or  due  to  fatigue.  Secondly,  even  if  the 
measurements  were  taken  correctly,  predicting  the  size  means 
converting  these  body  measurement  into  standard  sizes,  and  the 
fitter  could  make  a  wrong  decision.  Finally,  even  if  the  body 
measurements  are  correct,  predicting  the  correct  size  would  involve 
accounting  for  the  priorities  among  the  measurements  taken. 

A  prototype  expert  system  was  developed  under  Dr.  Steve  Davis 
and  tried  out  at  Fort  Jackson.  This  system  had  to  rely  on  body 
measurements  taken  manually.  But  its  success,  both  in  terms  of 
saving  time  and  money,  has  led  to  the  current  project  of  automating 
the  entire  process  of  size  predicting. 


The  total  system  can  be  divided  into  two  parts:  (1)  Taking  the 
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correct  body  measurements,  and  (2)  Predicting  the  right  garment 
size.  This  student  was  involved  with  one  of  the  aspects  (testing) 
of  the  second  parts  of  the  project. 
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CASE  BASE  REASONING 

Case-based  reasoning  is  an  emerging  AI  technology.  It  uses 
past  experiences  or  cases  to  solve  current  problem^.  A  rule-based 
expert  system  solves  problems  by  taking  input  specifications 
usually  through  a  question-and-answer  dialogue.  These  input  are 
then  chained  together  to  the  appropriate  set  of  rules  from  the 
rule-base  to  arrive  at  a  solution  (Figure  1) . 

Case-based  reasoning  operates  in  very  different  way.  Given 
the  input  specifications,  a  case-based  reasoning  system  will  search 
for  a  case  which  is  exactly  similar  to  the  input  case.  If 
successful  it  will  give  the  solution  directly.  If  not,  it  will 
retrieve  a  case  that  is  nearly  as  similar.  This  solution  may  not 
be  entirely  appropriate.  The  human  user  then  has  to  modify  small 
portions  of  the  retrieved  case  in  what  is  known  as  "case 
adaptation".  The  result  of  case  adaptation  is  the  completed 
solution.  The  new  solution  may  be  stored  as  a  case  for  future 
references  (Figure  2) . 


^  Baarletta,  R.  "An  Introduction  to  Case  Base  Reasoning".  AI 
Expert,  Auigust,  1991. 


Figure  1.  How  a  rule-based  expert  system  works. 


Figure  2:  How  a  case-based  system  works 
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"REMIND" 

The  CBR  shell  used  form  the  development  of  the  expert  systems 
is  "REMIND",  a  CBR  development  shell.  In  the  following  paragraphs 
the  basics  of  the  shell  will  be  discussed  vis-a-vis,  the  project. 

Cases  are  represented  in  REMIND  using  four  of  the  nine  editors 
that  are  available.  These  four  editors,  viz., The  field  editor,  the 
symbol  editor,  the  formula  editor,  and  the  QModel  editor,  allow 
users  to  define  a  case  and  knowledge  associated  with  it.  • 

FIELD  EDITOR 

The  field  editor  allows  the  user  to  define  the  fields  that 
make  up  the  description  of  the  case.  Fields  can  be  of  various 
types.  The  simple  fields  are  text,  integers,  booleans,  dates,  and 
real  numbers.  More  complex  field  types  are  symbols,  lists,  cases, 
and  formulas.  Symbol  fields  allow  users  to  arrange  information  in 
a  general  to  specific  hierarchy  (e.g.  matter — >solid,  liquid,  gas; 
liquid — >acidic,  alkaline,  neutral;  acidic->  nitric  acid,  sulphuric 
acid,  etc.).  Symbols  may  also  used  to  define  subjective,  partial 
ordering  relationships  (e.g.  big — >  medium — >  small) . 

The  list  fields  allows  user  to  create  lists  of  individual 
feature  (e.g.  list  of  accessories  in  a  car) .  The  case  fields 
allows  the  user  to  link  together  cases  in  the  same  library  or 
another  case  library  (e.g.  noting  down  the  performance  of  a  new 
machine  every  month  for  six  month  and  then  linking  together  these 
cases  to  find  out  the  average  performance  over  the  six  month 
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period) . 

SYMBOL  EDITOR 

Symbol  fields  are  used  to  represent  conditions,  states, 
ratings,  descriptions  and  other  symbolic  data,  and  the  possible 
field  values  are  stored  as  symbol  hierarchy.  The  symbols  are 
arranged  in  a  parent-child  relationship.  The  symbol  editor  allows 
editing  of  symbol  hierarchy. 


FORMULA  EDITOR 

The  formula  editor  allows  the  user  to  create  derived  fields 
from  existing  fields  in  the  case  base.  The  user  may  use  fields, 
symbol  values  and  constants. 

QMODEL  EDITOR 

The  QModel  (qualitative  model)  editor  allows  the  user  to 
graphically  express  known  causal  relationship. 

Once  the  fields  have  been  defined,  the  user  uses  a  form 
defined  in  the  form  editor  to  input  cases.  Alternatively,  cases  may 
be  imported  from  an  existing  database  using  data  import  editor. 

Once  the  cases  have  been  imported,  the  user  must  now  decide  on 
one  of  the  two  indexing  types  REMIND  offers,  viz.,  inductive 
indexing  and  nearest  neighbor  indexing.  Inductive  indexing  is  used 
where  a  definitive  outcome  field  can  be  specified,  e.g.  shirt  size 
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of  a  person.  It  is  possible  that  the  user  may  have  the 
measurements  of  the  entire  body  of  a  person  but  knows  that  only  few 
of  these  contribute  to  deciding  the  correct  size.  These  fields 
should  be  the  "match”  fields  whereas  the  shirt  size  should  be  the 
"outcome"  field. 

After  the  "outcome"  and  "match"  fields  have  been  designated, 
a  cluster  is  build  using  the  cluster  editor.  The  cluster  tree  is 
basically  a  decision  tree  for  discriminating  between  cases  of 
different  outcomes. 

In  Nearest  Neighbor  Indexing,  REMIND  performs  a  similarity 
match  between  the  features  of  two  cases.  Thus  if  one  is  looking 
for  a  house  with  3  bedrooms,  2  bathroom,  a  lawn  and  a  garage  for 
two  cars,  then  house  matching  all  these  aspects  is  a  perfect 
match.  But  if  there  is  no  perfect  match,  the  nearest  neighbor 
would  be  the  one  which  matches  the  requirement  in  most  of  the  ways. 
The  user  is  allowed  to  assign  weights  to  the  different  fields  so 
that  the  similarity  is  in  the  right  perspective. 
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THE  PROJECT 

20  fields  were  used  to  represent  a  case.  A  case  in  our  study 
is  the  body  measurements  of  individual  soldiers  and  the  assigned 
garment  sizes.  The  Field  names  and  types  are  given  in  Figure  3. 
Four  types  of  fields  were  used,  viz.,  text,  integer,  real  and 
symbol.  The  symbols  were  defined  using  the  symbol  editor.  The  five 
symbols  used  were  S,  M,  R,  X,  and  XL. 

After  the  fields  are  created,  cases  can  be  entered.  Since 
cases  were  imported,  further  preparation  was  needed.  The  steps  are 
discussed  below. 

CASES  TO  BE  USED  FOR  TESTING 

In  REMIND  a  case  can  have  one  of  the  three  dispositions: 

1)  Stored  case  :  -  These  are  cases  which  will  be 
retrieved.  This  means  that  these  cases  will  be  referred 
to  and  retrieved  if  acceptable  as  outcome. 

2)  Hypothetical  Case:  These  are  cases  created  by  the  user 
or  a  case  whose  outcome  is  required.  REMIND  will  search 
the  case  base  for  a  similar  stored  case.  Hypothetical 
cases  are  not  used  for  retrieval  unless  their  status  is 
changed  to  stored  case. 

3)  Unstored  Case  :  -  These  cases  are  primarily  used  to 
test  the  accuracy  of  the  cluster  tree.  Since  the  outcome 
is  already  known,  the  quality  of  the  prediction  can  be 


evaluated. 


Field  Name 


Filed  Type 


First  Name 

Last  Name 

Head 

Neck 

Chest 

Sleeve 

Hips 

Waist 

Height 

Weight 

Cap 

Black  Coat  Length 
Black  Coat  Size 
Green  Coat  Length 
Green  Coat  Size 
Long  Sleeeve  Shirt  Size 
Long  Sleeve  Shirt  Sleeve 
Short  Sleeve  Shirt  Size 
Trouser  Length 
Trouser  Size 


Text 

Text 

Real 

Real . 

Real 

Real 

Real  ■ 

Real 

Integer 

Integer 

Real 

Symbol 

Integer 

Symbol 

Integer 

Real 

Integer 

Real 

Symbol 

Integer 


Figure  3 .  Fields  and  Field  types  used 
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Our  database  had  about  2500  cases.  The  first  task  was  to 
determine  which  cases  would  be  the  unstored  cases  and  be  used  for 
testing.  It  is  possible  in  REMIND  to  set  a  percentage  from  the 
hypothetical  cases  to  be  randomly  disposed  as  stored  cases  (the 
rest  being  assigned  unstored  status) .  But  it  was  decided  to  have 
the  same  test  cases  tested  with  different  number  of  stored  cases. 
The  assumption  being  that  variations  would  be  easier  to  explain 
with  the  same  sample  set.  Thus  it  was  decided  to  isolate  the 
cases  which  would  be  used  as  test  cases. 

STRATEGY  FOR  TESTING 

The  2500  odd  cases  were  sorted  alphabetically  by  last  name. 
Therefore  it  may  be  assumed  that  the  garment  sizes  were  not 
appearing  in  any  order.  Instead  of  randomly  choosing  the  test 
cases,  every  100th  case  was  chosen.  From  these  100  cases  20  cases 
were  chosen  to  form  the  test  cases.  From  the  remaining,  2400  odd 
cases,  the  first  2000  cases  were  to  form  the  case  base,  and  from 
these  cases,  stored  cases  would  be  selected.  Isolating  the  test 
cases  would  ensure  that  the  same  case  is  not  retrieved  as  a 
solution. 

The  strategy  was  to  start  with  400  cases  and  then  increase  the 
size  of  the  case-base  by  200.  These  cases  would  be  used  to  build  a 
cluster  tree.  Then  the  20  test  cases  would  be  imported  and  disposed 
as  unstored  cases.  Next  these  unstored  cases  would  be  tested 
against  the  cluster  tree  using  the  REMIND  Test  Cluster  function. 
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IMPORTATION  OP  DATA 

The  first  step  in  importing  data  is  to  export  the  data  to  a 
flat  text  file.  This  was  done  in  two  steps.  First,  record  #  l  to 
400  (or  the  number  of  cases  to  be  imported)  were  exported  to  a  text 
file  from  dBase  IV.  This  was  done  using  the  following  command  from 
the  dBase  dot  prompt; 

COPY  TO  filename.txt  NEXT  200  TYPE  DELIMITED. 

This  places  a  comma  (,)  as  a  delimiter,  and  all  character  fields 
would  be  between  "  The  next  step  was  to  go  to  a  DOS  text  editor 
to  get  rid  of  the  "  ".  from  all  the  character  fields.  This  was 
done  using  EMAX  editor. 

Once  the  data  file  is  prepared.  Data  Import  is  selected  from 
the  Editor  menu,  and  the  from  the  Import  menu,  the  raw  data  file  is 
selected.  At  this  point,  the  data  from  the  first  record  can  be  seen 
in  one  of  the  windows  of  the  Data  Import  Editor.  The  next  step  is 
to  build  an  import  map.  This  is  done  by  placing  the  field  tile  and 
the  raw  data  tile  and  linking  them  with  appropriate  translation 
formulas.  The  translation  formulas  were  different  for  the  four 
different  types  of  fields  used.  For  example,  the  text  field 
"First  Name"  was  linked  with  field  #  2  of  the  raw  data,  the 

delimiter  being  a  comma  ( , )  .  The  real  number  field  "Head"  was 
linked  to  raw  field  #  4  of  the  raw  data  using  translation  formula 
"Number  From".  The  integer  field  "Height"  was  linked  to  the  raw. 
field  #  3  using  translation  formula  "Round"  and  "Number  From".  The 
symbol  field  "Black  Coat  Length"  was  linked  using  "First",  "Find 
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Symbol  named  (raw  field  #)  under  root  (length).  In  all  cases  comma 
(,)  was  used  as  the  delimiter  (as  the  text  file  had  commas  as 
delimiters) . 

Once  the  import  map  was  made,  "Import"  was  selected  from  the 
import  sub-menu  to  start  importation.  (Actually  the  format  was 
saved  for  using  whenever  importation  had  to  be  done.)  After 
importation  was  complete,  the  "outcome"  field  and  "match"  fields 
were  designated  from  the  Importance  editor.  Since  this  student 
decided  to  test  the  prediction  of  Short  sleeve  shirt  sizes,  "Short 
Sleeve  Shirt  Size"  was  selected  as  the  outcome  field,  and  "Height", 
"Chest",  "Neck",  "Sleeve"  and  "Weight"  were  selected  as  "Match" 
fields.  Other  measurements  were  ignored  as  they  were  thought  to 
play  no  part  in  determining  shirt  sizes. 

The  case  editor  was  then  selected  and  random  disposition  of 
cases  were  set  at  100%  so  all  cases  became  stored  cases.  Once 
stored,  the  "Build  Cluster  tree"  was  selected  from  the  "Node"  menu 
of  the  cluster  editor.  Minimum  number  of  cases  to  split  was 
selected  to  be  10  so  that  at  least  10  cases  were  reguired  to  make 
a  split.  "Breadth  First"  was  chosen  so  that  the  tree  was  build 
along  the  breadth  first. 

After  the  clustering  was  complete,  a  second  set  of  data  were 
imported,  this  time  the  20  test  cases.  These  cases  were  manually 
assigned  "unstored"  status  and  then  the  "Test  Cluster"  function  was 
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used  from  the  "Node”  menu  of  the  cluster  editor.  Minimum  number  of 
cases  to  retrieve  was  assigned  to  be  5.  REMIND  now  tested  the 
cluster  and  reported  on  the  performance  of  retrieval  under  the 
following  headings; 

Similarity:  Number  of  input  cases  (20  in  our  case) ,  Percent 
of  cases  with  similarity  between  100  and  90%,  90  and  80  %,  80  and 
70%  and  so  on.  (refer  figure  4) . 

Next  the  value  of  the  outcome  field  of  the  unstored  cases  (the 
20  test  cases)  were  changed  to  zero.  The  cases  were  again  tested 
with  the  clusters.  This  time  since  no  cases  would  match  the 
outcome  zero,  all  retrievals  were  unsatisfactory,  but  this  testing 
has  an  advantage  in  that  REMIND  reports  a  case-wise  summary  of 
outcomes  predicted.  So  if  the  outcome  values  of  the  test  cases  are 
known,  they  can  be  compared  with  the  predicted  outcome. 

This  method  of  double  testing  was  done  for  stored  case  sizes 
of  400,  600,  800,  1000,  1200,  1400,  1600,  1800,  and  2000.  It  must 
be  noted  here  that,  as  the  number  of  cases  increase,  the  time  to 
import  and  cluster  increases  significantly.  The  results  are 
reported  in  Table  1  and  2  respectively. 

The  results  show  that  when  the  number  of  stored  cases  is 
around  1000,  the  learning  curve  tends  to  become  flat  for  prediction 
with  similarity  between  90  and  100%.  Another  interesting  results 
was  noticed.  Test  cases  which  were  predicted  correctly  with  a 
particular  number  of  the  stored  cases,  were  correctly  predicted 


Function  = 

X  X 

♦Retrival  under  Inde  Root* 
***  Overall  Performance  *** 

Input  Cases 

Similarity; 

Number 

Percent 

Total  % 

100  -  90% 

10 

50% 

50% 

90  -80% 

3 

15% 

65% 

80  -  70% 

7 

35% 

100% 

No  cases  had  unsatisfactory 

retrival 

results. 

Figure  4 .  REMIND  Test  Cluster  Report 


Table  1 

Ovtrall  Pedormance  Cluittra 


Total  $  of  Stored  Caaea: 

Total  #  of  Teat  (Unatored)  Caaee: 

400 

■ 

1r^  Cases 

Similarity 

Number 

Percent 

Total  % 

100-90% 

10 

50% 

50% 

90-80% 

3 

15% 

65% 

80-70%  . 

7 

35% 

100% 

Total  S  of  Stored  Cases: 

600 

Total  #  of  Teat  (Unatored)  Caaea: 

20 

Input  Cases 

Similarity 

Number 

Percent 

Total  % 

100-90% 

9 

45% 

45% 

90-80% 

1 

5% 

50% 

80  -  70  % 

9 

45% 

95% 

70  -  60% 

1 

5% 

100% 

Total  i  of  Stored  Caeae: 

800 

Tout  i  of  Taet  (Unatored)  Caaee: 

20 

Input  Cases 

Similarity 

Number 

Percent 

Total  % 

100-90% 

9 

45% 

45% 

90-80% 

2 

10% 

55% 

80  -  70% 

8 

40% 

95% 

70  -  60% 

1 

5% 

100% 

Total  #  of  Stored  Cases: 

1000 

Total  #  of  Test  (Unatored)  Caaea: 

20 

Input  Cases 

Similarity 

Number 

Percent 

Total  % 

too -90% 

11 

55% 

55% 

90-80% 

3 

15% 

70% 

80-70% 

6 

30% 

100% 

Total  #  of  Stored  Caaea: 

1200 

Total  i  of  Teat  (Unatored)  Caaea: 

20 

Input  Cases 

Similarity 

Number 

Percent 

Total  % 

100  -  90% 

11 

55% 

55% 

90  -80  % 

3 

15% 

70% 

80  -  70% 

6 

30% 

100% 

IlilfToUl  i  of  Stored  Caa««: 
lljlfToUil  #  of  Teat  (Unstortd)  Caset : 

Hlill - 

Itlll 

illllSimiUrity 

mil - 

11111100-90% 

1111190-80% 

Hill  80 -70% 

Hill 

^llll - - 

Hill 

Hill 

IIIKTotal  i  of  Stored  Caaea: 

lljlir oUl  i  of  Teat  (Unatored)  Caaea: 

■llllh - 

Hill 

IllllSimilarity 

Hllh - 

11111100-90% 

1111190-80% 

1111180  -  70% 


Hill 

IIHfTotal  #  of  Stored  Caaea: 
lliiirotal  #  of  Teat  (Unatored)  Caaea: 
Him - 

Hill 

IllllSimilarity 

Hill - 

lllinOO-90% 

1111190-80% 

1111180  -  70% 

1111170-60% 

(lll)™™.^ - - - - - 

Hill 

llllfT'otal  i  of  Stored  Caaea: 
lliiirotal  i  of  Teat  (Unatored)  Caaea: 

HUH- - 

Hill 

IllllSimilarity 

1111(100-90% 

1111190-80% 

Hill  60  -  70% 

Hill 

Hllil - - - - - 


Hill 

Hill 

HUH 

Hill 

Hill 


Hill 

Hill 


1400 

20 


Input  Ca$ea 

Number  Percent  Total  % 


10  50%  50% 

2  10%  60% 

8  40%  100% 


1800 

20 


Input  Caaea 

Number  Percent  Toul  % 


11  55%  55% 

3  15%  70% 

6  30%  100% 


1800 

20 


Input  Caaea 

Number  Percent  Total  % 


12  •  60%  60% 

3  15%  75% 

4  20%  95% 

1  5%  100% 


2000 

20 


Input  Cases 

Number  Percent  Total  % 


11  55%  55% 

3  15%  70% 

6  30%  100% 


/ 


Table  2 


True 

.  Case  #  Size  size 


Case  wise  Analysis 

II  cases  found  for 

^  II  Stored  Case  Sizes  of 

II  400  600  800  1000  1200  1400  1600  1800  2000 


2 

15.5 

15.5  i 
16  1 

1 

3 

1 

15  1 

15.5 

15.5  1 

16  1 

1 

4 

15.5 

mm 

16  II 

II 

5 

II 

15.5  |[ 

16 

16  11 

16.5  II 

tt 

4  4 
9  11 

1  1 


30  19 


8  5 

1  •  1 


11  6 
14  15 


1  30 

3  44 
1  1 
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using  almost  any  number  of  stored  cases.  This  is  evident  from 
Table  2.  We  can  see  that  case  #s  2,  4,  6,  8,  12,  15,  and  16  had  no 
problem  in  finding  a  big  number  of  similar  cases.  These  cases 
could  be  termed  as  "good"  cases,  as  they  fit  into  a  definite 
pattern.  In  sharp  contrast,  case  #s  13,  14,,  17  19,  and  20  can  be 
termed  as  "bad"  cases  or  out-1 iers.  /  Case  f  13  could  not  find  -a 
single  match  even  from  case  base  of  2000.  in  fact,  similar  cases 
were  more  consistently  assigned  size  15  (instead  of  15,. 5).  Same 
applies  to  the  all  the  other  bad  cases.  Then,  there  are  cases 
which  were  consistently  assigned  different  sizes  with  similar  body 
measurements.  (Case  #s  1,5,7,  &  17  assigned  sizes  15.5  and  16,  case— 
#s  3  &  11  assigned  sizes  15  and  15.5,  case  #  9  &  10  assigned  sizes 
16  and  16.5) . 

The  above  shows  that  there  is  a  great  deal  of  subjectivity  in 
assigning  garment  sizes  manually.  The  inconsistency  is  sometimes 
so  much  that  it  seems  that  sizes  are  assigned  sometimes 
arbitrarily.  Sometimes  it  may  happen  that  the  fitter  finds  it 
impossible  to  give  due  priority  to  a  particular  body  measurement 
and  assigns  a  "wrong  size". 

It  is  obvious  that  if  the  five  bad  cases  are  removed  from  the 
test  cases,  the  level  of  predictions  would  be  better. 

THE  LEARNING  CURVE 

From  the  observation,  the  learning  curves  were  plotted  Figure 
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FIGURES 


4B_  Similarity:  100-90%  Similarity:  90-80% 
^  Similarity:  80-70%  _e_  Similarity:  70-60% 
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5)  .  It  seems  that  the  curve  for  90  -  100%  similarity  tends  to 
flatten  out  from  1000  cases.  Thus  the  optimum  number  of  cases 
required  to  predict  short  sleeve  shirts  may  be  around  1000. 
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LIMITATIOH  OF  I'ft’E  STUDY 

The  main  limitation  in  conducting  the  tests  was  the  time  the 
software  takes  to  do  almost  any  thing;  right  from  opening  a  case 
library  upto  closing  it.  Also,  disposition  of  unstored  cases  had 
to  be  done  manually,  as  the  system  does  not  have  the  present 
capability  to  dispose  all  hypothetical  cases  as  unstored  cases. 
This  had  forced  this  student  to  keep  the  size  of  the  unstored  cases 
to  a  managable  size  of  20.  it  is  a  possibility  that  if  the  size  of 
the  unstored  cases  can  be  increased  to  say  100,  more  meaningful 
results  may  be  derived. 

It  may  be  noted  that  even  with  a  small  case  base,  the 
predictions  are  not  too  bad.  (This  student  tried  the  tests  with 
case  base  of  100  and  200) .  The  reason  could  be  that  since  the  army 
has  certain  physical  standards,  the  out  liers  (these  out  liers  are 
different  from  the  out  liers  discussed  earlier  in  relation  to 
assigning  the  correct  sizes)  do  not  make  it.  Thus,  those  make  it 
fit  certain  norms  and  standard  of  physical  measurement. 


Finally,  REMIND  does  not  have  any  capabilities  to  print  out 
reports.  This  makes  it  very  difficult  to  read  results  and  compare 
them.  Very  often,  the  reports  overflow  breadth-wise  to  the  next 
screen.  If  at  future  date,  printing  capabilities  are  available, 
the  clusters  trees,  with  different  size  of  cases,  can  be  studied 
more  efficiently  to  derive  more  meaning. 
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While,  the  whole  concept  of  case-’based  reasoning,  is  very 
interesting  and  should  become  more  popular,  the  present  version  of 
REMIND,  though  very  convincing,  is  too  slow. 
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CONCLUSIOK 

The  initial  assumption,  that  there  would  be  a  learning  curve 
which  would  indicate  a  optimum  number  of  cases  in  the  cases  base 
proved  to  be  correct.  The  tests  showed  that  about  1000  cases  in 
the  case  bases  can  give  very  satisfactory  results.  Since  the  test 
cases  had  5  out  of  20  (25  %)  bad  cases,  it  may  be  right  to  assume 
that  a  good  percentage  of  the  case  base  itself  has  bad  cases. 
These  cases  will  come  to  surface  with  repeated  tests  with  different 
samples  of  larger  size.  Once  these  bad  cases  are  identified,  and 
removed,  then  the  level  of  prediction  would  be  a  lot  better  even 
with  a  smaller  case  base. 
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Abstract 


This  paper  describes  a  project  involving  computer  assisted  measurement  extraction  from  a  3D  non-contact 
full-body  scan.  It  explains  the  motivation  behind  the  project,  describes  briefly  the  research  plan,  and  provides 
details  on  the  measurement  extraction  software  currently  being  developed.  The  software  provides  the  user 
with  tools  to  take  measurements  from  a  digitized  image.  In  addition,  a  measurement  extraction  language 
allows  the  user  to  develop  macros,  or  short  programs,  designed  to  automate  the  measurement  extraction 
process.  The  paper  concludes  with  a  description  of  the  current  status  of  the  project. 


1  Introduction 

For  as  long  as  people  have  been  wearing  manufactured  clothing,  the  apparel  industry  has  relied  on  body 
measurements  taken  by  a  person  with  a  measuring  tape.  Manual  measurement  is  tedious,  inconsistent  and 
inaccurate.  Different  people  may  take  measurements  differently  due  to  variation  in  1)  the  compaction  of  flesh 
during  measurement,  2)  landmarking  (determining  body  points  which  must  be  touched  to  be  located),  and 
3)  the  tension  of  the  measuring  tape.  Even  measurements  taken  by  the  same  person  could  lack  consistency 
over  the  course  of  a  day  when  that  person  gets  tired.  The  availability  of  full-body  scanning  devices  will 
make  possible  the  capturing  of  X-,  T-,  Z-data  points  representing  the  surface  of  the  human  body.  With 
the  appropriate  software  to  convert  these  data  points  to  body  dimensions,  highly  accurate  anthropometry 
(measurement  of  the  body)  will  be  possible. 

A  faster  and  more  accurate  method  of  body  measurement  could  benefit  both  made-to-stock  and  made-to- 
measure  operations  in  the  apparel  industry.  For  example,  such  a  method  could  make  it  practical  to  gather 
and  periodically  update  a  large  database  of  consumer  body  measurements.  Such  a  database  could  be  used 
to  develop  better  fit  models  for  improved  standard  sizing  of  garments.  It  could  also  provide  a  basis  for  a 
computer  system  which  selects  the  best  fit  for  a  person  from  available  garment  sizes.  An  improved,  automated 
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measurement  method  could  facilitate  the  creation  of  garment  patterns  specifically  for  individuals  through 
made-to-measure  alteration  of  existing  patterns  or  through  custom  pattern  development. 

There  is  a  good  market  for  the  aforementioned  computer  applications.  A  recent  study  found  that  78.3%  of 
women  surveyed  were  somewhat  or  very  interested  in  using  an  automated  garment  size  prediction  system  if 
it  were  available  in  a  retail  store,  and  73.8%  were  interested  in  using  an  automated  made-to-measure  system 
(1).  Fifty-seven  percent  of  the  women  said  they  would  be  willing  to  pay  to  be  measured  with  the  aid  of  an 
automated  3D  body  scan  system. 

Military  clothing  initial  issue  points  (CUP),  which  typically  provide  clothing  to  several  hundred  soldiers  a 
day,  would  also  benefit  from  an  automated  size  prediction  system.  A  preliminary  study  by  the  authors  at 
Fort  Jackson,  SC  showed  that  even  if  such  a  system  selected  the  correct  size  only  60%  of  the  time,  the 
reduction  in  time  to  fit  20,000  soldiers  for  trousers  alone  would  be  100  hours  per  CUP  employee,  or  $1000 
each  based  on  an  average  of  $  10/hour.  These  savings  could  be  realized  at  a  single  installation  during  the 
first  year, 

2  Objective 

The  objective  of  this  study  is  to  develop:  1)  the  software  for  extracting  body  measurements  from  the  output 
of  a  3D  non-contact  full-body  scan,  and  2)  an  expert  system  to  predict  men’s  U.S.  Army  dress  uniform  sizes 
for  initial  issue  try-on.  This  paper  focuses  on  measurement  extraction. 

3.  Background 

The  technology  for  producing  three-dimensional  coordinates  for  the  accurate  computer  representation  of  a 
scanned  whole  human  body  is  currently  being  refined  for  practical  use.  The  existence  of  this  technology 
makes  it  possible  to  measure  body  dimensions  more  accurately  than  a  human  with  a  measuring  tape.  Since 
the  body  scanning  technology  is  so  new,  no  software  exists  for  its  application  to  the  potential  automation  of 
current  size  selection  and  garment  development  methods.  The  usefulness  of  these  technologies  to  the  apparel 
industry  for  consumers  is  clear  in  the  potential  availability  of  better  fit  models  for  consumer  products  in 
stock  sizes  and  the  greater  availability  of  made-to-measure  or  custom  garments  at  an  affordable  price.  The 
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manufacturers  of  consumer  apparel  products  have  been  slow  to  respond  to  the  potential  of  this  new  approach. 
This  could  be  attributed  to  a  resistance  to  change  established  practice,  as  well  as  the  difficulty  of  supporting 
technological  research  and  development  in  an  era  of  declining  profits  and  uncertain  markets. 

The  U.S.  military,  however,  is  in  the  unique  position  of  being  both  manufacturing  contractor  and  consumer 
and  can  therefore  readily  appreciate  the  benefits  of  the  application  of  advanced  technology.  The  Defense 
Logistics  Agency  (DLA),  the  arm  of  the  government  which  is  responsible  for  the  procurement  of  military 
uniforms,  has  shown  its  support  by  funding  the  research  reported  here. 

The  usefulness  of  these  technologies  to  military  purposes  is  evident.  An  efficient  system  of  individual  anthro¬ 
pometric  data  collection  could  provide  a  data  base  of  anthropometry  for  many  purposes  including  uniform 
development.  This  data  could  be  teamed  up  with:  1)  size  prediction  expert  system  software  for  faster,  more 
accurate  stock  size  uniform  distribution,  2)  software  linkage  to  existing  CAD  pattern  alteration  software  for 
made-to-measure  uniform  production,  or  3)  computer  modeling  of  an  individual  body  for  custom  pattern 
development. 

In  scenarios  2  and  3,  single-ply  numerically-controlled  cutting  and  unit  production  could  be  added  to  auto¬ 
mate  the  process  further.  Any  of  these  applications  could  substantially  reduce  the  average  cost  of  providing 
dress  uniforms  to  military  personnel.  Moreover,  the  body  measurement  data  could  be  used  to  define  better¬ 
fitting  standard  shapes  for  all  military  garments.  Since  only  those  body  form  variables  affecting  pattern 
shape  are  relevant  to  the  determination  of  sizing  categories  or  garment  pattern  development,  irrelevant  data 
could  be  automatically  eliminated  from  consideration  (the  anthropologist's  standard  measurement  set  is  not 
the  same  as  that  needed  for  garment  development). 

A  data  base  of  stored  files  could  be  accessed  at  any  time  for  determining  mecisurements  specific  to  garment 
development.  Information  not  readily  accessible  by  manual  means  (mathematically-expressed  posture  and 
shoulder  slope,  maximum  circumference  of  a  combination  of  horizontal  slices,  body  depth,  asymmetry)  could 
be  gathered  easily.  If  additional  measurements  are  needed  in  the  future,  the  files  could  still  be  available  for 
reference  (whereas  humans  cannot  be  quickly  recalled  for  manual  measuring).  An  additional  benefit  of  this 
research  is  the  exposure  of  the  next  generation  of  scientists  to  3D  technology  for  apparel  uses. 
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4  Research  Plan 


The  CUP  at  Fort  Jackson  agreed  to  participate  with  Clemson  Apparel  Research  (CAR)  in  the  development 
and  testing  of  any  procedure  that  would  expedite  the  clothing  initial  issue  process.  The  Fort  Jackson  CIIP 
currently  processes  approximately  200  soldiers  per  day.  The  research  was  planned  in  two  phases.  In  Phase  1 
the  tasks  were:  1)  to  develop  interactive  software  to  make  the  output  of  a  3-dimensional,  non-contaet  body 
scan  useful  for  extracting  body  measurements,  2)  to  develop  and  calibrate  expert  system  software  which  uses 
body  dimensions  as  input  and  predicts  the  appropriate  garment  size  for  try  on,  and  3)  with  the  cooperation 
of  the  Clip  staff,  to  test  the  expert  system  under  conditions  in  which  measurements  have  been  taken  by 
trained  fitters.  When  the  expert  system  was  running  smoothly,  and  the  measurement  extraction  software 
developed.  Phase  2  would  include  the  incorporation  of  a  3-dimensional,  non-contact  measuring  device  to 
replace  manual  measuring.  Researchers  would  work  interactively  through  a  computer  interface  with  the 
measuring  equipment  to  select  the  locations  where  body  dimensions  should  be  measured.  These  data  would 
be  electronically  fed  to  the  expert  system  and  the  size  predictions  would  be  printed  out  for  each  soldier.  The 
time  required  for  these  operations  and  the  level  of  prediction  accuracy  would  be  recorded  and  analyzed.  At 
this  writing.  Phase  1  has  been  completed.  However,  since  a  field-test-worthy  full-body  scanner  is  not  yet 
available,  Phase  2  is  ongoing. 

In  the  United  States  the  developers  nearest  to  providing  such  a  scanner  are:  Textile  Clothing  Technology 
Corporation,  Cary,  NC  (white  light  system  originally  developed  through  Dimensional  Measurement  Systems, 
New  York,  NY  by  researchers  at  the  New  York  Institute  of  Technology) ,  Cyberware,  Monterey,  CA  (laser- 
based  systems  currently  being  used  primarily  for  head  scanning),  and  Laser  Design,  Minneapolis,  MN  (laser- 
based  systems  currently  being  used  for  scanning  complex  engineered  parts). 

In  the  United  Kingdom  the  National  Engineering  Laboratory  (NEL)  in  Glasgow  is  developing  a  moire-fringe 
topography-based  system  for  the  Defence  Clothing  and  Textiles  Authority.  Also  involved  in  the  NEL  project 
is  the  Stores  and  Clothing  Research  and  Development  Establishment  (the  UK  equivalent  to  the  Defense 
Logistics  Agency  in  the  U.S.).  A  second  research  effort  is  being  conducted  by  the  University  of  Surrey. 
The  scanning  system  used  in  the  Surrey  project  is  provided  to  the  University  of  Surrey  by  the  University 


4 


College  Hospital  (London)  and  is  a  laser-based  system  used  to  scan  human  heads.  A  third  research  effort  is 
developing  a  scanning  system,  also  laser-based,  at  the  University  of  Loughborough. 

Issues  in  the  usefulness  of  full-body  scanning  include:  1)  the  ease  of  maintaining  the  posture  of  the  subject,  2) 
the  time  exposure  for  the  subject,  3)  the  time  to  create  the  model  dataset,  and  4)  the  effort  required  to  acquire 
further  data.  Table  1  compares  these  issues  for  classical,  manual  anthropometry  (which  is  considerably  more 
scientific  and  precise  than  the  measurement  of  soldiers  at  a  CUP),  laser  scanning,  and  moire-fringe  scanning. 
Although  the  moire-fringe  characteristics  reported  in  Table  1  seem  to  imply  that  its  positive  features  would 
lead  to  implementation,  the  difficulties  inherent  in  the  synchronization  of  its  views  from  the  multiple  cameras 
necessary  have,  thus  far,  prevented  its  usefulness.  If  aids  can  be  devised  to  maintain  the  subject’s  posture 
for  15  to  20  seconds,  then  laser  technology  appears  to  be  the  closest  to  practical  use. 

Anthropologists,  when  preparing  to  measure  the  human  body  in  their  precise,  scientific  way,  traditionally 
begin  by  ’’landmarking”  the  body,  marking  the  location  of  anatomical  guideposts  which  are  evident  only  by 
touching  the  body  to  feel  for  1)  a  bony  protrusion  under  the  soft  flesh  or  2)  a  joint  where  two  bones  are 
hinged  together.  Since  it  will  not  be  possible  to  feel  for  these  landmarks  on  a  computer  image  of  the  surface  of 
a  human  body,  alternatives  must  be  addressed.  An  acceptable  means  of  locating  some  landmarks  may  be  by 
defining  mathematically  an  approximate  location  which,  when  the  formula  is  applied  consistently,  will  give 
sufficiently  accurate  data  for  garment  development  and  size  prediction  purposes.  For  example,  a  substitute 
for  the  shoulder  point,  normally  represented  in  manual  mode  by  acromion  (the  bony  protrusion  at  the  end 
of  the  collar  bone  where  it  meets  the  upper  arm)  may  be  the  leftmost  point  defined  by  the  intersection  with 
the  contour  of  the  body  of  a  line  which  bisects  the  angle  formed  by  the  slope  of  [the  leftmost  points  of  the 
body  slices  defining]  the  upper  arm  and  the  slope  of  [the  leftmost  points  of  the  body  slices  defining]  the 
shoulder.  Non-traditional  aids  may  also  be  employed.  A  waistline  for  the  wearing  of  clothing  may  be  defined 
by  placing  a  one-inch- wide  elastic  ’’belt”  around  the  preferred  location  on  the  body  before  the  scan.  The 
resulting  flesh  compaction  would  then  indicate  the  location  to  be  measured.  A  key  in  the  successful  use  of 
measurements  obtained  from  body  scans  will  be  in  the  clear  definition  of  where  and  how  the  measurements 
were  taken.  As  long  as  any  measurement  data  is  accompanied  by  such  documentation,  users  of  data  sets  from 
multiple  sources  will  be  able  to  identify  similarities  and  differences  and  not  erroneously  compare  ’’apples  and 
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oranges. 


5  Measurement  Software 


Overview 

One  of  the  primary  goals  of  this  project  is  the  development  of  software  for  extracting  body  measurements 
from  the  output  of  a  3D  non-contact  full-body  scanner.  There  are  several  reasons  for  this  goal.  An  automated 
system  is  more  efficient  than  a  human  and  achieves  significant  cost  saving  when  a  large  number  of  bodies 
have  to  be  measured,  in  a  U.S.  Army  recruiting  center,  for  example.  The  measurements  generated  by 
an  automated  system  will  be  more  consistent.  A  manual  system  depends  entirely  on  the  measuring  skill 
of  possibly  many  different  people  and  the  set  of  measurement  data  is  almost  certainly  inconsistent.  An 
automated  measurement  system  may  have  commercial  applications  in  apparel  manufacturing  and  retail. 
One  of  the  missions  of  Clemson  Apparel  Research  is  to  provide  support  to  the  U.S.  apparel  industry  through 
research  and  this  project  has  clear  potential  benefits  to  this  industry. 

This  section  describes  the  measurement  extraction  software  developed  in  the  DLA  study.  Called  3DM,  the 
software  is  written  in  C  and  runs  under  UNIX  on  a  SUN  workstation.  It  interprets  a  measurement  extraction 
language  (2)  that  is  slowly  evolving  as  the  specific  needs  of  the  user  become  clear.  The  code  utilizes  X- window 
graphics  libraries  to  manage  the  windowing  environment.  The  code  is  still  being  developed.  In  particular, 
the  measurement  language  described  below  continues  to  be  improved. 

The  remainder  of  this  section  gives  an  overview  of  the  input  data  format,  the  user  interface,  i.e.,  an  overall 
view  of  how  a  user  views  and  uses  3DM,  a  detailed  description  of  each  of  the  measurment  and  viewing 
functions,  and  an  outline  of  the  measurement  language  system  currently  being  developed. 

Input  Data  Format 

The  input  data  consists  of  points  on  the  surface  of  the  body,  each  point  represented  by  three  floating-point 
values  corresponding  to  the  point’s  A-,  T-,  and  .^-coordinates.  There  were  ten  sets  of  data  used  in  this 
study.  Each  set  consists  of  approximately  eight  thousand  points.  The  portion  of  the  body  represented  in 
each  data  set  starts  just  above  the  collarbone  and  ends  at  the  top  of  the  thigh,  including  both  arms.  Two 
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of  the  datasets  were  female  mannequins,  one  armless,  the  other  with  a  single  arm.  The  rest  of  the  datasets 
were  male  forms. 

User  Interface 

When  initiated,  3DM  activates  five  windows:  a)  Body  Display,  b)  Control  Menu,  c)  Image  Name,  d)  Mea¬ 
surements,  and  e)  Views.  These  are  shown  in  Figure  1.  The  user  initiates  the  measurement  process  by 
loading  a  figure  which  is  exhibited  in  the  Body  Display  window.  Initially,  a  frontal  view  of  the  figure  is 
shown.  However  the  Menu  allows  the  user  to  Rotate,  Translate,  and  Scale  the  image.  The  user  may  select 
whether  to  rotate  the  image  along  X-,  Y-,  or  ^-axes  after  selecting  the  desired  angle  of  rotation.  Translation 
along  the  X-,  Y-,  or  Z-axes  may  be  performed  after  the  user  sets  the  translation  distance.  Finally,  the  user 
may  scale  the  image  up  or  down  by  a  preset  percentage.  Each  of  these  instructions  may  be  repeated,  thus 
allowing  the  user  total  control  in  the  placement  and  orientation  of  the  figure. 

Measurement 

To  take  measurements  of  the  image,  the  user  clicks  on  the  Measure  button  of  the  Menu.  This  opens  the  Mea¬ 
surements  Menu,  a  list  of  four  ways  to  measure  the  figure:  Circumference ^  Muliipoini^  Radial  Measuremenij 
and  Language. 

The  Circumference  option  allows  the  user  to  select  a  point  on  the  body  and  to  receive  a  circumferential 
measurement  of  the  horizontal  slice  of  the  body  containing  the  point.  This  measurement  is  useful  in  quickly 
obtaining  such  measurements  as  chest,  waist,  or  seat.  The  measurement,  expressed  in  inches,  is  displayed  in 
the  Measurements  window.  Figure  2  shows  a  chest  measurement  being  taken.  Any  point  on  this  horizontal 
slice  may  have  been  selected  to  obtain  this  measurement. 

Multipoint  allows  the  user  to  select  a  sequence  of  two  or  more  points  Pi,  F2  •  Pn  on  the  surface  of  the 
image,  and  takes  the  sum  of  the  surface  distances  between  P,  and  P^^.!  for  i  =  1,2,  —  1.  This  is 

equivalent  to  taking  a  tape  measurement  of  the  path  from  point  Pi  to  P2  to  P3  and  so  on.  The  numerical 
sum  of  the  measurements,  expressed  in  inches,  is  displayed  in  the  Measurements  window.  An  example  is 
shown  in  Figure  3  where  the  points  selected  were  center  back,  left  shoulder,  left  elbow,  and  left  wrist.  The 
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purpose  is  to  take  a  measure  of  the  length  of  the  person’s  left  arm.  The  result  is  a  path  on  the  surface  of 
the  body  through  the  selected  points.  Following  a  smoothing  of  the  path,  the  measurement  is  displayed  in 
the  Measurements  window. 

Radial  Measurement  allows  the  user  to  select  a  sequence  of  two  or  more  points  Pi,  F2  ...  Pn  on  the  surface 
of  the  image,  and  lists  the  n  —  1  surface  distances  between  Pi  and  P,*  for  i  =  2, 3, . . . ,  n.  This  is  equivalent 
to  taking  a  tape  measurement  from  point  Pi  to  P2,  from  Pi  to  P3  and  so  on.  The  list  of  measurements, 
expressed  in  inches,  is  displayed  in  the  Measurements  window.  Figure  4  shows  a  radial  measurement  taken 
from  the  center  front  point  to  each  of  the  left  shoulder,  left  arm  pit,  right  arm  pit,  and  right  shoulder,  The 
measurements  are  displayed  in  the  Measurements  window. 

Slices  and  Views 

The  Slices  option  provides  the  user  with  three  planar  views  of  the  figure.  The  user  selects  one  or  more  points 
on  the  body  and  displays  the  selected  planar  slice  of  the  figure  in  the  the  Views  window.  The  first  view 
allows  the  user  to  fix  the  X-value.  This  view  gives  a  profile  of  the  body  showing,  for  example,  the  curvature 
of  the  spine.  The  user  may  click  on  any  point  on  the  body,  and  the  selected  slice  will  be  shown  in  profile  in 
the  Views  window.  In  Figure  5,  the  user  has  selected  a  point  near  the  center  of  the  body.  An  outline  of  the 
slice  is  shown  in  the  Body  Display  window  and  a  profile  view  of  the  slice  is  shown  in  the  Views  window. 

The  second  view  allows  the  user  to  fix  the  Z-value,  providing  the  user  with  a  lateral  slice  of  the  figure.  This 
may  show  an  isolated  view,  for  example,  of  the  slope  of  the  shoulders. 

The  third  view  allows  the  user  to  fix  one  or  more  Y-values  and  superimposes  the  horizontal  slices  one  on 
top  of  another.  This  allows  the  user  a  top  view  of,  for  example,  a  person’s  waist  and  seat,  superimposed  on 
each  other,  allowing  the  user  to  trace  the  outer  circumference  of  the  resulting  figure.  In  Figure  6,  the  user 
has  selected  two  slices,  the  waist  and  the  seat.  Outlines  of  the  slices  are  shown  on  the  image  in  the  Body 
Display  window  while  a  top  view  of  the  superimposed  slices  are  shown  in  the  Views  window.  This  option  is 
useful  for  defining  and  measuring  the  outer  perimeter  of  multiple  superimposed  slices. 

Measurement  Language 
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Multipoint^  Radial,  Circumference  Measurement  and  Slices  each  require  the  user  to  point  and  click  at  parts 
of  the  body  and  select  the  desired  measurement.  This  is  acceptable  if  the  user  has  to  measure  only  a  small 
number  of  images.  This  process,  however,  becomes  impractical  if  the  user  has  to  measure  even  a  few  dozen 
images.  To  overcome  this  problem,  a  Language  is  being  designed  to  allow  the  user  to  write  macros,  i.e.,  short 
programs,  to  take  any  of  the  above  measurements.  This  function  allows  the  user  to  automate*  the  process  of 
measurement  taking  by  defining,  for  example,  how  to  recognize  and  measure  a  person’s  chest.  The  computer 
may  then  be  instructed  to  take  chest  measurements  of  any  number  of  images  without  human  intervention. 
Language,  therefore,  provides  the  user  with  the  power  of  automatic  measurement  of  any  number  of  parts  of 
any  number  of  body  images.  Slice,  Point,  and  Measurement,  each  with  several  options. 

A  Region  instruction  is  used  to  select  a  region  of  the  body,  where  a  region  is  one  of  the  following:  torso,  left 
arm,  right  arm,  left  leg,  right  leg,  upper  body,  and  the  entire  body.  A  region  must  be  selected  before  the 
user  may  issue  Slice  or  Point  instructions. 

Slice  and  Point  instructions  continue  the  selection  process.  A  5hce  instruction  isolates  a  specific  slice  within 
the  region.  A  Point  instruction  allows  the  user  to  select  a  point  within  a  slice.  At  any  moment,  focus  is  on 
a  particular  slice  and  point.  However,  slices  and  points  may  be  saved  and  the  user  may  issue  instructions 
to  continue  the  search  for  other  slices  and  points.  Saved  slices  and  points  may  be  used  with  Measurement 
instructions.  Measurements  may  be  saved  for  future  computation  or  display. 

Some  slice  instructions  search  for  slices  with  special  properties.  For  example,  the  minslice  and  maxslice 
instructions  search  regions  for  slices  with  the  smallest  or  largest  circumference.  Related  instructions  are 
iopslice,  middleslice,  and  bottomslice  which  search  for  the  top,  middle,  and  bottom  slices  of  a  region.  Focus 
may  be  controlled  with  slicemove  instructions  which  instruct  the  computer  to  move  from  the  slice  currently 
being  considered  to  another  slice  above  or  below. 

Point  instructions  allow  a  user  to  select  individual  points  within  a  slice.  Two  instructions  available  are 
center  and  most.  Center  takes  as  parameter  one  of  the  following:  FRONT,  BACK,  LEFT,  RIGHT  which 
selects  the  center  front,  center  back,  center  left,  and  center  right  points,  respectively,  of  the  current  slice. 
Most  takes  the  same  four  parameters  and  selects  the  foremost,  hindmost,  leftmost,  and  rightmost  points  of 
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the  current  slice.  MinXy  MaxX,  MinZ,  and  MaxZ  instructions  select  the  points  with  the  smallest  X,  the 
largest  X,  the  smallest  Z,  and  the  largest  Z  values,  respectively,  between  two  specified  points  in  the  slice. 
Recall  that  all  points  in  a  slice  have  the  same  Y  value.  As  with  slices,  the  focus  may  shift  from  one  point  to 
another  through  poinimove  instructions. 

Three  measurement  instructions  are  available.  Circumference  takes  a  slice  and  returns  the  length  of  its 
circumference.  Directdisiance  takes  a  sequence  of  points  and  returns  the  sum  of  the  Euclidean  distances 
between  each  two  successive  points.  Surfacedisiance  takes  a  sequence  of  points  and  takes  the  sum  of  the 
surface  distances  between  each  two  successive  points.  Surfacedisiance  is  equivalent  to  the  Multipoint  option 
described  above. 

As  mentioned  earlier,  these  instructions  may  be  used  to  write  macros,  i.e.,  short  programs  instructing  the 
computer  to  take  measurements  automatically.  For  example,  to  take  the  chest  measurement  shown  in  Figure 
2,  one  might  use  the  macro  shown  in  Figure  7. 

The  instruction  region  torso  selects  those  slices  of  the  body  defined  to  be  part  of  the  torso,  i.e.,  below  the 
armpit  and  above  the  legs.  The  instruction  slicemove  down  1.0  selects  the  slice  closest  to  an  inch  below  the 
topmost  slice  of  the  torso,  approximately  where  the  chest  of  a  person  is.  The  slicesave  instruction  saves  the 
slice  for  the  last  instruction,  circumference ^  which  measures  the  length  of  the  circumference  of  the  chest  slice. 

Similarly,  consider  the  macro  in  Figure  8  designed  to  measure  sleeve  length  (see  Figure  3).  Region  upperbody 
(line  2)  selects  those  slices  from  the  top  of  the  image  to  the  slice  just  above  the  legs.  The  computer  is 
instructed  to  start  with  the  top  slice  (line  3),  move  down  about  half  an  inch  (line  4)  and  then  to  take  and 
save  the  center  back  point  (lines  5-6).  The  computer  is  instructed  again  to  move  down  about  one  inch  (line 
7)  before  selecting  and  saving  the  left  shoulder  point.  Next,  we  select  the  left  arm  region  (line  10).  The 
computer  is  instructed  to  move  down  about  one-half  of  the  distance  of  the  arm  and  to  select  and  save  the 
point  on  the  elbow  (lines  11-13).  The  last  point  to  save  is  that  of  the  wrist,  defined  to  be  the  left  most  point 
of  the  slice  with  minimum  circumference  in  the  arm  (lines  14-16).  Finally,  line  17  takes  the  sleeve  length. 

It  may  be  open  to  debate  whether  the  two  macros,  as  presented,  provide  a  good  way  to  measure  chest 
circumference  or  sleeve  length.  There  is  also  the  question  of  whether  such  macros  will  extract  the  correct 
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measurement  from  image  to  image.  This  research  is  ongoing  and  experiments  continue  with  different  macros 
and  figures.  As  new  needs  are  uncovered,  new  instructions  will  be  designed  and  included  in  the  language. 


6  Concluding  Remarks 

The  development  of  3DM  continues.  At  present,  the  primary  effort  is  in  the  expansion  and  improvement 
of  the  measurement  extraction  language.  Experiments  with  different  macros  are  being  conducted  to  test 
the  consistency  and  accuracy  of  the  measurements  taken.  Although  much  has  already  been  achieved  in 
3DM,  this  study  has  been  hampered  somewhat  by  the  lack  of  a  reliable  full-body  scanner.  The  images  used 
in  this  study  were  generated  by  a  prototype  version  of  a  moire-fringe  scanner  developed  by  Dimensional 
Measurement  Systems,  Inc.  of  New  York  City.  DMS  has  since  gone  out  of  business.  Since  July  1993, 
development  of  its  scanner  has  been  undertaken  by  Textile  and  Clothing  Technology  Corporation,  [TC]^^ 
of  Cary,  North  Carolina.  [TC]^  expects  to  have  a  working  scanner  shortly.  Cyber  ware,  Inc.  of  Monterey, 
California  and  Laser  Design  of  Minneapolis,  Minnesota  have  also  announced  current  efforts  to  develop  full- 
body  scanners,  both  laser-based.  Each  expects  to  have  a  scanner  available  in  early  1995.  When  such  a 
scanner  eventually  becomes  available  to  the  authors,  much  more  rapid  progress  on  the  development  of  3DM 
will  occur.  At  that  point,  the  authors  will  present  an  updated  report  on  3DM. 
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Classical 

Anthropometry 

Laser  Scan 

Moire-fringe 

Maintenance  of 
subject  posture 

Easy 

Difficult 

Easy 

Time  exposure 
for  subject 

About  10  minutes 
but  easy  to  ” adjust” 

About  17  seconds 

About  1-2  seconds 

Time  to  obtain 
data  set 

Quick  to  obtain 
limited  data  sets 

Time  to  create  models  and 
extract  measurements 
dependent  on  computation¬ 
al  power  of  computer  used 

Time  to  create  models  and 
extract  measurements 
dependent  on  computation¬ 
al  power  of  computer  used 

Effort  to  acquire 
further  data 

Very  difficult,  subjects 
need  recalling 

Easy,  computer  model 
can  be  used  many  times 

Easy,  computer  model 
can  be  used  many  times 

Table  1.  Comparison  of  classical  anthropometry  to  scan  technologies. 
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Figure  5.  Planar  view  of  a  single  slice  of  the  figure. 
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Figure  6.  Top  view  of  two  horizontal  slices  superimposed  on  one  another. 


1.  chestjmeasurement: 

2.  region  torso 

3.  slicemove  down  1.0 

4.  slicesave  chest 

5.  circumference  chest 


Figure  7.  Macro  to  measure  chest  circumference. 
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sleeveJength: 

region  upperbody 
topslice 

slicemove  down  0.5 
center  back 
pointsave  center-back 
slicemove  down  1.0 
most  left 

pointsave  leftjshoulder 
region  larm 

selectslice  0.5 
most  left 

pointsave  left-elbow 
minslice  topslice  bottomslice 
most  left 

pointsave  left-wrist 

surfacedistance  center-back  left-shoulder 
left-elbow  left-wrist 


Figure  8.  Macro  to  measure  sleeve  length. 
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Predicting  Garment  Sizes  with  Case-Based  Reasoning 


J.  Steve  Davis,  Roy  Pargas  and  Nancy  Staples,  Clemson  University 
Selection  of  a  Development  Approach 

The  current  manual  system  for  selecting  military  uniform  sizes 
employs  expert  fitters.  In  many  instances  the  fitters  choose  the 
wrong  size,  which  results  in  repeated,  time-consuming  trials  of 
various  sizes  of  garments.  Because  this  system  is  labor-intensive 
for  both  fitters  and  soldiers,  an  automated  approach  might 
streamline  the  fitting  process. 

Two  aspects  of  the  manual  system  could  be  automated,  the 
measurement  and  the  size  selection.  This  paper  describes  a 
project  which  investigated  automated  measurement  but  concentrated 
on  developing  a  system  for  the  Army  to  select  sizes  based  on 
manual  measurements.  Automated  measurement  will  be  incorporated 
later  when  the  necessary  technology  matures. 

There  appeared  to  be  three  possible  foundations  for  a 
knowledge-based  system  which  could  automate  the  selection  of 
garment  sizes  from  manual  measurements;  1)  Army  tables  (which 
prescribe  sizes  for  ranges  of  body  measurements) ,  2)  procedures 
used  by  human  experts,  or  3)  case-based  reasoning.  We  considered 
four  ways  to  implement  the  system,  which  were  applicable  to 
certain  of  those  foundations.  We  could  develop  a  rule-based 
program  or  a  case-based  program,  and  with  either  approach  employ 
a  shell  or  not.  These  alternatives  are  outlined  in  Table  1, 
together  with  estimates  of  development  speed  and  system  accuracy, 
which  are  discussed  next. 
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Table  1.  Relative  Development  Speed  and  System  Accuracy 
of  Possible  Approaches  to  Development 

Foundation  for  a  knovledae-based  system 


Army  tables 

Human  knowledge 

Case-based 

Imolementation 

Rule-based  program 

with  shell 

quick,  poor 

medium,  good 

n/a 

without  shell 

medium,  poor 

long,  good 

n/a 

Case-based  program 

with  shell 

n/a 

n/a 

quick,  good 

without  shell 

n/a 

n/a 

long,  good 

Since  our  project  team  had  no  experience  implementing  case- 
based  programs,  we  initially  gave  serious  consideration  only  to 
the  other  two  alternatives.  We  decided  to  proceed  initially 
toward  a  rule-based  system  (RBS)  using  a  shell,  because  1)  that 
was  the  most  commonly  used  approach  for  knowledge-based  systems 
and  our  problem  did  not  seem  unusual,  2)  experts  were  available, 
3)  our  project  team  had  experience  with  RBS,  4)  a  RBS  shell  was 
on  hand,  and  5)  we  could  develop  a  prototype  system  faster  with  a 
RBS  shell  than  with  conventional  programming.  We  figured  that  by 
developing  a  rule-based  prototype,  at  least  we  would  learn  more 
about  the  problem  domain.  If  the  rule-based  approach  did  not 
look  good  at  that  point  we  could  adopt  a  different  approach  and 
take  advantage  of  what  we  had  learned. 

The  authors  guided  two  graduate  students  who  undertook 
development  of  a  RBS  as  a  masters  degree  project.  To  expedite 
system  development,  they  decided  to  rely  on  the  domain  knowledge 
available  in  Army  tables  rather  than  to  consult  with  expert 
fitters.  The  tables  listed  the  clothing  sizes  appropriate  for 
certain  ranges  of  body  measurements. 
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They  chose  VP^Expert,  a  simple  shell,  because  they  had  learned 
how  to  use  it  in  a  course  on  expert  systems  and  it  seemed 
adequate  for  producing  a  prototype.  To  reduce  the  scope  of  the 
project  they  focused  on  trouser  size  prediction.  Based  on  the 
Army  tables,  they  developed  a  set  of  rules  such  as  the  following: 


IF 

Waist  > 

25 

AND 

Waist  <= 

27 

AND 

Seat  > 

35.5 

AND 

Seat  <= 

36.5 

THEN 

Size_26  = 

Yes; 

IF 

Size_26  = 

Yes 

AND 

Inseam  > 

30 

AND 

Inseain  <= 

32 

THEN 

Size  = 

26  Short 

An  informal  evaluation  of  their  system  discouraged  us  about 
continuing  to  work  toward  a  RBS  solution.  During  their  work  we 
had  learned  from  military  fitters  that  the  tables  upon  which  the 
students'  system  was  based  were  not  a  sufficient  basis  for  size 
prediction.  Expert  fitters  told  us  they  seldom  used  them.  We 
were  concerned  that  to  develop  a  properly  functional  RBS  would 
require  extensive  research  to  determine  how  to  convert  expert 
knowledge  into  computer  code.  From  interviews  of  expert  fitters 
at  the  Fort  Jackson,  SC  Army  base  and  other  military  bases,  we 
learned  that  knowledge  acquisition  for  a  rule^based  system  would 
be  extremely  difficult  because  1)  fitters  employed  a  •'you  look 
like  this  size"  approach  and  had  difficulty  describing  precisely 
how  they  made  decisions,  2)  and  different  experts  seemed  to  have 
different  strategies. 

Employing  conventional  programming  didn't  look  very  attractive 
either,  for  the  same  reasons.  If  we  used  the  Army  tables  as  a 
hasis  the  resulting  system  would  probably  not  predict  sizes  very 
well.  To  use  human  expertise  as  a  basis  would  require  difficult 
knowledge  acquisition  work.  Either  way,  the  heart  of  the  coding 
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would  probably  be  IF  statements  similar  to  the  IF-THEN  rules  in 
the  RBS  prototype.  Such  a  system  would  likely  run  faster  than  a 
RBS  built  with  a  shell,  and  we  would  have  more  control  over  the 
user  interface.  However,  this  kind  of  system  would  probably  be 
more  difficult  to  build  and  to  change  than  one  built  with  a 
shell.  The  ability  to  easily  change  the  system  was  important. 
Military  clothing  styles  are  much  more  stable  than  are  styles  in 
the  fashion  industry  and  may  be  constant  for  several  years,  but 
occasionally  they  will  be  modified.  For  example,  during  the 
period  of  our  project  the  Army  changed  the  specifications  for  the 
long  sleeve  shirt,  adopting  multi-length  sleeves,  e.g.  32-33,  and 
slight  changes  were  made  in  the  dimensions  of  other  garments. 

The  students  had  produced  an  interesting  system,  but  it  helped 
us  determine  that  neither  a  RBS  nor  a  conventional  program  were 
attractive  alternatives.  Since  styles  were  relatively  stable, 
in  between  infrequent  style  changes,  it  occurred  to  us  to  explore 
case-based  approaches,  which  are  based  more  directly  on  the 
available  data  than  are  other  methods.  The  main  attraction  was 
case-based  reasoning  (CBR)  proponents'  claim  that  knowledge 
engineering  is  simplified  [1]. 

Selection  of  a  Case  Based  Reasoning  Shell 

A  CBR  system  includes  a  database  of  cases  and  a  retriever. 

Cases  are  descriptions  of  previous  problems  and  their  outcomes 
(solutions) .  Given  a  new  problem,  the  retriever  finds  the  cases 
in  the  database  which  most  closely  resemble  it.  This  project 
required  a  "problem  solving"  type  of  CBR  system,  which  adapts  old 
solutions  to  new  problems,  whereas  an  "interpretive  reasoner"  CBR 
system  uses  cases  to  help  classify  or  pass  judgement  on  new 
situations,  as  lawyers  use  previous  legal  cases  to  argue  that  a 
new  situation  belongs  in  a  certain  category  [2].  A  problem 
solving  system  can  merely  propose  the  solution  associated  with 
the  most  appropriate  retrieved  cases  (which  worked  fine  for  this 
system) ,  or  can  employ  a  subroutine  to  derive  a  recommendation 
based  on  the  current  problem  and  the  retrieved  cases. 
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We  considered  developing  a  case-based  system  from  scratch,  and 
figured  that  would  probably  involve  using  a  database  management 
system  for  storing  and  retrieving  cases.  To  make  retrieval  speed 
fast  enough  with  a  large  database,  we  might  have  to  set  up 
special  indices  to  speed  up  retrieval.  Also,  we  would  have  to 
code  routines  for  calculating  similarity  of  cases.  Since  the 
aforementioned  steps  could  take  considerable  project  time  we  were 
attracted  to  using  one  of  the  newly  available  shells  for  case- 
based  system  development,  which  had  built-in  tools  for 
calculating  similarity  of  cases  and  setting  up  indices.  The 
project  selected  the  ReMind  CBR  shell  by  Cognitive  Systems, 
because  it  is  easy  to  use,  provides  automatic  indexing  of  cases, 
and  facilitates  rapid  prototyping. 

Development  of  a  Database  of  Cases 

A  case-based  system  depends  upon  an  adequate  database  of  cases. 
We  arranged  for  the  clothing  issue  facility  at  Fort  Jackson, 

South  Carolina  to  provide  records  of  the  fitting  of  4100  soldiers 
during  1992.  Each  record  constituted  a  case,  and  consisted  of  a 
set  of  body  measurements  together  with  the  garment  sizes  for  an 
individual.  The  measurements  were  height,  weight,  head,  neck, 
chest,  waist,  hips,  and  sleeve  length  (Figure  1) .  The  garments 
were  short  sleeve  shirt,  long  sleeve  shirt,  trousers,  dress  coat, 
and  overcoat.  The  written  records  were  entered  into  dBase  IV 
files  and  checked  for  validity.  The  database  of  cases  was 
converted  from  dBase  IV  into  ASCII  format  and  then  imported  into 
ReMind . 

Scheme  for  Retrieving  Similar  Cases 

A  decision  had  to  be  made  on  how  to  handle  the  composite  sizes 
of  the  coat,  trousers  and  long  sleeve  shirt.  Each  consists  of  a 
numeric  size  and  a  length.  The  sleeve  length  is  numeric,  and  the 
other  lengths  are  symbolic  (XS,S,R,L,XL) .  A  composite  size  could 
be  entered  into  a  single  field  of  a  case,  or  the  numeric  size  and 
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Figure  1.  Measurements  comprising  a  case. 


length  could  be  entered  into  separate  fields.  If  in  a  single 
field,  composite  size  would  be  an  "outcome"  field  (the  field  to 
be  predicted  by  the  system) ,  and  therefore  its  domain  should  be 
ordered  to  facilitate  indexing.  We  were  unable  to  determine  an 
appropriate  coding  for  composite  sizes,  one  that  would  establish 
a  meaningful  ordering  among  the  size  values.  For  example,  one 
single-field  coding  option  involves  converting  coat/trouser 
lengths  to  decimal  values,  e.g.  36S  could  be  36.0,  36R  could  be 
36.2,  etc.  But  this  approach  might  cause  a  problem  of 
interpretation,  in  that  35.9  would  be  interpreted  as  closer  to 
36.0  than  would  36.2,  for  example,  even  though  the  former  is  a 
different  numeric  size. 

To  avoid  possible  problems  with  composite  size,  we  put  the 
numeric  size  and  length  into  separate  fields.  This  would  allow 
designating  the  numeric  size  as  the  "outcome"  field  for  the 
purpose  of  indexing,  making  it  the  field  value  to  be  predicted 
when  the  system  is  presented  a  new  problem. 

For  composite-size  garments,  the  initial  plan  was  to  predict 
length  separately  from  numeric  size,  which  would  require  two 
separate  index  structures  for  the  cases,  and  separate  retrievals 
to  determine  numeric  size  and  length.  (To  establish  an  index  when 
length  is  the  outcome  would  require  defining  for  the  CBR  shell  an 
ordering  of  the  symbolic  lengths:  XS<S<R<L<XL,  which  is  easily 
done  in  ReMind.)  Predicting  length  separately  might  be  necessary 
if  numeric  size  and  length  depend  on  entirely  different  factors, 
but  the  advice  of  expert  fitters  and  results  of  experimenting 
with  alternative  strategies  suggested  that  the  numeric  size  and 
the  length  depend  on  similar  factors.  In  other  words,  when  the 
system  uses  the  index  based  on  the  numeric  size  outcome  to 
retrieve  a  case  having  a  set  of  body  measurements  very  similar  to 
the  new  case,  both  the  numeric  size  and  the  length  from  the 
retrieved  case  are  likely  to  be  correct  for  the  new  case. 
Therefore  we  decided  to  index  using  just  the  numeric  size  as  the 
outcome  field,  and  when  predicting  to  select  both  the  numeric 
size  and  the  length  from  the  most  similar  retrieved  cases. 
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To  speed  up  retrieval,  for  each  garment  type  an  index  hierarchy 
(search  tree)  was  developed  automatically  by  the  CBR  shell. 
Beginning  at  the  root  of  the  search  tree,  this  process  selected 
at  each  node  the  value  of  the  field  which  is  the  best 
discriminator,  meaning  that  two  branches  can  be  created, 
representing  roughly  equal-sized  sub-trees  of  cases,  with  the 
outcomes  of  cases  in  one  sub-tree  greater  than  those  in  the 
other.  (Since  little  domain  knowledge  was  available,  the  project 
team  did  not  attempt  to  guide  the  indexing  process  with  manual 
specifications.)  Development  of  the  search  tree  terminated  when 
the  number  of  cases  in  the  leaf  nodes  dropped  below  a  user- 
specified  threshold  for  splitting.  The  threshold  should  be  low 
enough  such  that  relatively  few  leaf  nodes  contain  cases  with 
mixed  outcomes  having  no  clear  majority,  but  there  is  no  need  to 
develop  the  tree  to  the  extent  that  the  lower  branches  are 
meaningless.  For  this  project  a  reasonable  choice  was  to  develop 
the  search  tree  such  that  leaf  nodes  would  not  be  split  if  they 
contained  less  than  ten  cases.  Figure  2  shows  part  of  the  index 
hierarchy  for  the  short  sleeve  shirt.  Each  leaf  of  the  tree 
represents  a  cluster  of  cases  and  is  labelled  with  the  number  of 
cases  having  a  particular  outcome.  For  example,  the  upper 
cluster  at  the  far  right  of  the  figure  indicates  two  cases  of 
size  15.5  and  four  cases  of  size  15. 

This  system  is  supposed  to  be  a  problem  solver.  Its  purpose  is 
to  predict  garment  sizes  for  individuals.  For  each  garment  it 
should  recommend  a  size  (or  a  prioritized  set  of  sizes)  rather 
than  just  retrieving  similar  cases  whose  sizes  might  not  all  be 
the  same,  leaving  it  to  the  user  to  decide  which  is  appropriate. 
Determining  recommended  size(s)  was  accomplished  in  three  steps. 
First,  a  search  using  the  index  hierarchy  located  a  minimum  of  20 
cases.  (A  reasonable  number  of  cases  should  be  retrieved  to  help 
compensate  for  the  tendency  for  branches  near  the  bottom  of  the 
tree  to  be  meaningless) .  The  remaining  steps  were  necessary  to 
distinguish  among  possibly  mixed  outcomes  among  the  retrieved 
cases.  (For  example,  some  of  the  retrieved  cases  might  have 
short  sleeve  shirt  size  15.5  and  others  15.0.) 
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Figure  2.  Part  of  the  index  hierarchy  for  short  sleeve  shirt 


The  next  step  was  to  calculate  similarity  scores  for  the 
retrieved  cases,  using  a  routine  built-in  to  the  shell.  That 
routine  considers  user-assigned  weights  for  fields  which  varies 
their  importance  in  determining  similarity  of  cases.  The  system 
looks  at  every  case  in  the  database  and  normalizes  values  in  each 
of  the  fields  by  assigning  them  a  number  in  the  range  0  through 
100.  Then,  for  each  field,  the  system  calculates  a  value 
representing  the  "difference"  between  the  field  value  for  the 
current  case  and  the  field  value  for  the  retrieved  case. 

Finally,  a  formula  accounts  for  the  difference  in  values  of  all 
the  fields  and  the  user-assigned  field  weights  to  determine  an 
overall  similarity  score  ranging  from  0  to  100  (the  formula 
depends  on  the  data  type  of  the  fields) .  Since  our  domain 
knowledge  was  limited  we  experimented  with  various  weight 
assignments  to  help  select  appropriate  weights  for  calculation  of 
similarities.  For  example,  the  initial  choice  of  weights  for 
predicting  size  of  the  short  sleeve  shirt  followed  from  the 
intuition  that  neck  size  was  most  important:  neck  16,  chest  8, 
weight  2,  height  2,  and  other  fields  0.  Performance  of  this 
strategy  was  not  good  (the  testing  approach  is  described  later) . 
The  best  alternative  we  tried  was  to  assign  field  weights  in 
accordance  with  priorities  which  had  been  established  in  the 
automatic  generation  of  the  index  hierarchy:  weight  16,  neck  8, 
chest  4,  height  2,  and  other  fields  0. 

The  third  and  final  step  was  to  take  a  vote  among  the  10  cases 
with  the  highest  similarity  scores.  If  the  vote  was  not 
unanimous,  the  system  reported  its  first,  second  and  third 
recommendations  for  garment  size.  The  second  and  third  choices 
could  be  helpful  at  the  clothing  issue  facility,  because  if  the 
first  choice  garment  is  not  appropriate  the  fitter  would  have 
recommendations  for  selecting  other  sizes  for  try-on. 

Developing  the  User  Interface 

All  the  aforementioned  features  could  be  implemented  in  a 
straightforward  way  with  the  interactive  version  of  the  ReMind 
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shell,  but  the  user  would  have  to  know  how  to  use  the  shell  and 
would  have  to  take  many  point-and-click  actions  to  accomplish 
size  prediction  for  a  single  individual.  Even  if  the  user  were 
very  familiar  with  the  shell,  the  process  would  be  too  tedious  to 
be  suitable  in  an  operational  environment.  It  was  evident  that 
predictions  should  be  handled  by  a  compiled  program.  Therefore, 
we  developed  a  windows-based  application  using  C++  and  the  run¬ 
time  libraries  furnished  with  the  ReMind  shell.  The  system 
accepts  body  measurements  for  an  individual  and  prints  1st,  2nd 
and  3rd  recommendations  for  sizes  for  each  garment.  Its  major 
components  are  shown  in  Figure  3 .  The  user  interface  accepts  and 
validates  input  and  provides  results.  The  knowledge  base 
contains  cases  consisting  of  body  measurements  together  with 
garment  sizes.  The  prediction  engine  follows  the  procedure 
outlined  in  the  previous  section  (Figure  4) . 

Learning  and  Heuristics 

Under  normal  circumstances  this  particular  system  has  enough 
stored  cases  that  it  would  not  need  to  "learn”  by  adding  new 
cases.  However  it  would  be  wise  to  add  a  new  case  if  it 
represents  a  body  which  is  not  well  represented  in  the  database 
of  cases.  The  criteria  for  "well  represented"  could  be  one  like 
this:  there  should  exist  at  least  x  cases  in  the  database  all 
with  a  similarity  score  of  at  least  y.  If  the  criteria  is  not 
satisfied,  the  case  should  be  added,  thus  increasing  the  chance 
that  a  future  soldier  with  a  similar  body  will  be  well 
represented.  Also,  it  would  be  appropriate  to  add  cases  or 
totally  replace  cases  if  there  is  a  significant  change  in  garment 
dimensions,  fitting  policy,  or  soldier  population.  For  example, 
there  was  a  recent  change  in  manufacturing  of  the  Army  green  coat 
which  resulted  in  different  dimensions  in  the  chest  area. 

Fitting  policy  could  vary  in  terms  of  how  snugly  uniforms  should 
fit.  During  mobilization  military  services  might  expand  their 
recruiting  to  include  older  enlistees  who  generally  have 
different  body  dimensions  than  younger  recruits. 
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Figure  4.  Procedure  for  predicting  sizes. 


Although  they  are  often  valuable  in  case-based  systems, 
heuristics  appeared  unnecessary  in  this  system.  Here  is  a 
hypothetical  situation  where  heuristics  could  be  appropriate. 
Suppose  the  system  is  in  operational  use  and  is  confronted  with  a 
soldier  whose  body  measurements  are  so  unusual  that  there  are  no 
similar  cases  in  the  database  (what  is  "similar''  enough  is  a 
judgement  call  of  the  system  designer;  the  decision  would  be 
based  on  the  similarity  scores  of  the  retrieved  cases) .  Then  one 
could  employ  a  heuristic  to  infer  an  appropriate  size.  For 
example  suppose  the  case  in  the  database  most  similar  to  the 
soldier  being  fitted  has  the  same  dimensions  in  everything  except 
height.  The  soldier's  height  is  3"  more  than  that  of  the 
retrieved  case,  it  may  be  reasonable  to  have  a  rule  like  the 
following  in  the  system  which  is  invoked  in  such  instances: 

IF  the  difference  in  all  dimensions  except  height 
is  less  than  1  inch  AND 

the  difference  in  height  is  in  range  [2,4]  inches 
THEN  the  recommended  size  of  coat 

is  the  size  in  the  retrieved  case  AND 
the  recommended  length  of  coat 

is  the  next  size  longer  than  the  length 
in  the  retrieved  case 

Heuristics  were  not  needed  in  our  system  because  1)  there  are  a 
very  small  percentage  of  soldiers  with  body  measurements  so 
unusual  that  they  would  not  match  up  with  cases  in  the  database, 
and  2)  usually  such  soldiers  would  need  specially  tailored 

garments  anyway,  so  the  systems 's  size  prediction  is  not 
important . 

Evaluation 


There  were  two  important  questions:  1)  how  accurate  are  the 
system's  predictions,  and  2)  can  the  system  predict  fast  enough 
to  be  useful  in  practice? 
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To  determine  system  accuracy  we  randomly  selected  100  soldiers 
who  had  been  issued  garments  at  Fort  Jackson,  SC  and  collected 
their  clothing  records.  Since  body  measurements  and  garment 
sizes  for  these  soldiers  were  known,  the  data  was  suitable  for 
testing.  The  system  could  be  evaluated  on  the  percentage  of 
correct  predictions  for  those  soldiers.  The  system  performed 
rather  well,  about  the  same  as  human  experts.  For  example,  the 
first  choices  for  short  sleeve  shirt  size  were  correct  for  67%  of 
the  test  cases,  the  first  and  second  choices  included  the  correct 
size  for  94%  of  them.  Even  when  incorrect,  the  predictions  were 
almost  always  within  a  half  size  of  the  right  one.  If  it  were 
faster  than  human  experts,  a  system  with  this  level  of  accuracy 
could  significantly  streamline  clothing  issue  operations  at 
military  facilities. 

To  evaluate  system  speed  and  practicality  in  an  operational 
environment  we  conducted  operational  tests  on  two  different  dates 
at  the  clothing  issue  facility  at  Fort  Jackson,  SC.  The  tests 
were  successful.  We  set  up  a  personal  computer  system  in  the 
room  where  soldiers  were  measured.  Right  after  being  measured, 
each  soldier  called  out  the  body  measurements  which  had  been 
entered  on  the  clothing  form  and  an  operator  entered  the  data 
into  the  computer.  The  computer  printed  garment  size  predictions 
on  a  page  which  was  placed  on  a  clipboard  carried  by  the  soldier 
throughout  the  fitting  process.  Fitters  consulted  that  page  to 
select  garments  for  try  on,  rather  than  estimating  sizes 
themselves. 

The  data  input,  calculation  and  output  required  only  about  1 
minute  per  soldier,  which  was  fast  enough  not  to  delay  the  normal 
measuring  process.  Over  400  soldiers  were  processed  in  the  two 
tests.  The  only  delay  occurred  during  a  half  hour  period  in  the 
second  test  when  there  were  temporarily  two  measurers  working  in 
parallel;  normally  there  is  just  one.  This  generated  a  small 
backlog  of  soldiers  waiting  to  be  handled  by  the  size  prediction 
system.  Other  than  that  brief  period,  the  size  prediction 
system  fit  smoothly  into  the  current  operation.  It  was  obvious 
that  the  system  works  faster  than  human  experts.  Each  soldier  is 
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serviced  by  a  different  fitter  for  each  of  the  five  garments. 
Without  the  size  prediction  system,  each  fitter  takes  a  few 
seconds  to  examine  the  soldier,  look  at  the  measurements  on  his 
clothing  record,  and  decide  on  a  recommended  size.  With  the 
prediction  system  those  actions  are  unnecessary,  because  the 
recommended  sizes  are  already  available.  Since  the  system 
introduces  no  significant  delay  to  get  input  data  and  saves  time 
at  each  of  the  five  fitting  stations,  we  concluded  that  the 
system  is  practical  to  employ  in  an  operational  environment. 
Before  recommending  the  system  for  permanent  installation,  the 
authors  wish  to  integrate  a  3D  body  scanner. 

Preparation  to  Incorporate  a  3D  Scanner 

Although  it  predicts  sizes  rather  well,  the  current  prototype 
system  is  based  entirely  on  manual  measurements  whose  accuracy  is 
questionable.  Inaccuracies  generally  result  from  improper 
placement  of  the  measuring  tape  and  from  variations  in  its 
tension.  Even  an  experienced  fitter's  measurements  are 
inconsistent  because  the  fitter  gets  tired.  Accuracy  of  the 
prediction  system  could  be  improved  by  integrating  an  automated 
measuring  device,  for  example  one  based  on  a  3D  scanner. 

Practical  3D  body  scanners  should  be  available  in  the  near 
future.  Three  U.S.  companies  already  have  functional  prototypes. 
Cyberware  of  Monterey,  California,  and  Laser  Design  in 
Minneapolis  are  developing  laser-based  systems.  Textile/Clothing 
Technology  Corporation  in  Cary,  N.C.  is  developing  a  white  light 
system.  Although  they  employ  different  technologies,  all  the 
scanners  produce  a  set  of  three  dimensional  points  (with  x,  y  and 
z  values) . 

It  would  be  natural  and  convenient  to  employ  the  entire, 
unprocessed  3D  body  image  directly  in  a  CBR  system.  Although 
conceptually  pleasing,  that  approach  appears  impractical  in  the 
near  future.  Apparently  little  is  known  about  how  to  index 
complex  graphical  data  [3],  which  is  necessary  if  such  data  is  to 
be  effectively  used  in  a  CBR  system.  The  next  best  thing  is  to 
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extract  a  few  specific  features  (body  measurements)  from  the  3D 
image  and  to  use  those  features  to  define  cases. 

We  decided  to  incorporate  a  3D  scanner  in  the  size  prediction 
system  in  two  phases.  In  the  first  phase  we  would  develop 
computer  programs  to  make  the  scanner  output  useful  to  a  case- 
based  system  by  converting  the  set  of  3D  points  to  conventional 
body  measurements  (such  as  waist  and  chest) .  Although  we  would 
not  have  an  actual  scanner,  we  could  with  confidence  develop  an 
interface  between  it  and  a  case-based  system,  knowing  the  scanner 
would  provide  3D  points.  In  the  second  phase,  we  would 
experiment  with  conventional  and  unconventional  measurements  to 
find  a  set  which  is  effective  in  size  prediction.  In  both 
phases,  the  calculated  measurements  would  be  used  to  compare  the 
soldier  being  fitted  to  the  cases  in  the  database.  Phase  1  is 
complete,  and  Phase  2  is  awaiting  acquisition  of  a  3D  scanner. 

Determining  how  body  measurements  should  be  calculated  was 
challenging  at  first.  It  appeared  necessary  to  resolve 
questions  such  as:  given  just  a  set  of  3D  points,  what 
constitutes  the  chest  or  the  waist  measurement?  Even  if  one 
decides  those  measures  shall  be  horizontal  circumferences,  at 
what  vertical  point  shall  they  be  defined?  It  is  necessary  to 
determine  precise  definitions  for  those  measures,  some  of  which 
currently  might  be  a  matter  of  human  judgement.  (E.g.  for  some 
the  waist  is  the  largest  and  for  others  it  is  the  smallest 
circumference  of  horizontal  cross  sections  in  the  torso.) 
Fortunately,  we  later  realized  that  for  the  purpose  of  automatic 
size  prediction  it  is  not  necessary  to  take  measures  exactly  as  a 
human  expert  would.  The  important  thing  is  to  be  consistent, 
is  no  problem  for  a  computer  program. 

It  appeared  wise  to  develop  a  flexible  system  for  calculating 
measurements,  since  it  might  be  desirable  to  experiment  with 
various  definitions  of  body  measurements  to  seek  those  which  are 
most  effective  in  predicting  sizes.  To  achieve  flexibility  we 
developed  a  command  language  which  provides  a  convenient  basis 
for  calculating  measurements.  There  are  commands  to  isolate 
regions  of  the  body  such  as  shoulders,  torso,  and  right  leg. 
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other  commands  tell  the  computer  to  calculate  circumference  at 
specific  places,  to  find  the  minimum/maximum  circumference,  or  to 
find  certain  surface  points.  These  commands  can  be  used  to 
calculate  measures  automatically,  including  the  traditional  ones. 
For  example,  the  chest  might  be  measured  with  the  following 
sequence  of  commands:  go  to  the  top  of  the  torso,  move  10%  of  the 
distance  down,  calculate  the  horizontal  circumference.  A 
graphical  representation  of  this  measurement  on  a  3D  rendering  of 
the  body  surface  is  shown  in  Figure  5. 

Future  Research  and  Development 

Generally,  performance  of  a  case-based-reasoning  system 
improves  as  the  number  of  cases  is  increased,  because  the  chance 
increases  of  retrieving  a  case  which  is  very  similar  to  a  new 
problem.  But  at  some  point  the  rate  of  improvement  tends  to 
level  off,  because  many  of  the  newly  added  cases  are  the  same  as, 
or  very  similar  to,  cases  already  in  the  system.  Knowing  the 
"learning  curve"  can  be  helpful  to  a  system  developer.  Certainly 
cases  should  be  added  as  long  as  they  tend  to  improve  system 
performance,  but  when  the  marginal  benefit  of  adding  cases 
becomes  small,  continuing  to  add  them  could  be  a  wasted  effort 
and  could  adversely  affect  the  speed  of  retrieval.  (In  this 
project,  indexing  of  2500  cases  took  about  an  hour  on  an  IBM  PS/2 
with  386  processor.)  To  investigate  the  "learning  curve"  of  the 
system  we  plan  to  measure  system  performance  as  cases  are  added. 

Once  the  3D  scanner  is  integrated,  experiments  will  be 
conducted  to  determine  which  measurements  are  most  powerful  in 
predicting  garment  sizes.  It  might  turn  out  that  non-traditional 
measures  are  most  useful  in  predicting  sizes,  and  some  of  them 
may  be  easy  to  get  from  the  3— D  points.  For  example,  it  would  be 
easy  to  compute  the  circumference  of  horizontal  cross  sections 
taken  at  regular  intervals.  As  long  as  the  measurements  are 
effective  in  distinguishing  body  shapes,  they  do  not  have  to  be 
meaningful  in  the  manual  fitting  process. 


14 


When  a  3D  scanner  is  integrated,  the  system  could  be  extended 
to  facilitate  made-to-measure  manufacturing.  The  objective  would 
be  to  electronically  provide  body  dimensions  as  input  to  one  of 
the  current  software  packages  for  pattern  alteration.  That 
package  can  then  generate  a  custom  pattern  for  cutting  the  cloth. 
This  capability  would  expedite  the  military's  handling  of 
soldiers  who  cannot  be  fitted  with  standard  sizes. 

Concluding  Remarks 

CBR  appears  to  have  been  an  appropriate  choice  for  this  system, 
even  though  our  initial  inclination  was  to  employ  the  rule-based 
approach  with  which  we  were  more  familiar.  CBR  made  the  system 
easier  to  build.  Cases  were  readily  available,  but  it  would  have 
been  difficult  to  acquire  rules  from  the  expert  fitters. 

CBR  provides  a  better  way  to  explain  system  reasoning  than  we 
could  have  achieved  with  a  rule-based  system.  A  CBR  system  can 
explain  results  by  showing  examples  of  previous  real  cases  that 
are  similar  to  the  problem  at  hand.  Rule-based  systems  can  only 
report  to  the  user  the  chain  of  rules  that  led  to  a  conclusion. 

A  rule-based  system  does  not  normally  present  examples  or  cases 
(even  though  its  rules  may  be  based  on  cases) .  In  this  project, 
the  explanation  capability  will  probably  be  important  when  the 
system  is  first  installed,  to  help  users  develop  confidence  in 
its  predictions.  Afterward,  this  capability  would  probably  be 
used  only  by  the  developers  to  investigate  any  problems  in  system 
operation. 

Many  other  applications  might  benefit  from  employing  3D 
scanning  with  case-based  reasoning.  For  example  a  case-based 
system  has  been  built  for  process  planning,  wherein  cases  consist 
of  a  part  description  together  with  an  appropriate  process  for 
manufacture  [4].  To  select  a  plan  for  a  new  part,  one  performs  a 
geometrical  comparison  with  that  part  with  those  in  the  database. 
That  comparison  is  based  on  a  few  manually  measured  features. 
Perhaps  the  system  effectiveness  could  be  improved  with  a  more 
thorough  comparison  based  on  a  3D  scan. 
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Newspaper  article,  Greenville  News.  June  3,  1993 


with  the  U.S.  Army’s  Defense  Lo-  Three  companies  are  working  A  prototype  that  uses  white  what  size  suit  would  work  best  for  stand,”  she  said.  ture,  she  said. 
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3-D  Body  Scanning 
Gets  High  Marks 

Female  respondents  say  they  woidd  he  loilling  to  pay  up  to  $10  for  body  scans  in 
order  to  get  clothes  that  fit  u  Exceiyted  from  a  survey  report  by  Audra  knight 
and  Nancy  Cassill,  Ph.D. 


About  half  of  tlio  respondents  in  this  con¬ 
sumer  survey  on  body  scanning  say  3-0 
scanning  is  a  useful  way  to  gel  a  good  fit  in 
clothing,  and  most  say  they  would  be  will¬ 
ing  to  pay  up  to  $10  for  it.  The  study  results  indicate 
that  apparel  manufacturers  and  retailers  shorild  con¬ 
sider  purchasing  body-scanning  devices  for  in-slorc 
use. 

The  survey  On  3-D  scanning,  entitled  “The  Market 
Fea.sibility  of  Body  Scanning  and  Size  Prediction 
Terhnnlngies  at  Retail/''  was  conducted  by  Audra 


76%  Of  resf^oideiife  found  body 
scan  appeal \ 


•? 


size,  age  rtb  on  attitude 
toward  scf Hning 


i 


would  use  buy  bottoms, 

swimwear, 


Knight,  who  recently  received  her  master's  degree 
from  the  School  of  Human  Environmental  Sciences, 
Department  of  Clothing  and  Textile.?,  at  the  Uiiiver- 
6ity  of  North  CaroUna  at  Greensboro,  under  the  guid¬ 
ance  of  Dr.  Nancy  Cassill,  an  associate  professor.  The 
purpose  of  the  study  was  to  determine  the  nuarket 
feasibility  of  a  body  scanning  system  for  customers  in 
retail  s  tores - 

"This  survey  took  a  marketing  orientation/'  says 
Cassill.  “Rather  than  developing  technology'  and  then 
Irj'ing  to  sell  it  to  the  con.9umer,  this  study  asks  con¬ 
sumer?  what  they  want  so  the 
appropria  te  technology  can  be 
developed  for  their  use."  She 
says  she  has  discu.?9ed  the  study 
with  representatives  of  several 
V'F  Corp.  subsidiaries,  but  at 
press  lime  none  of  these  compa¬ 
nies  had  committed  to  using  the 
technology. 

Fitting  individuals.  In  a  re¬ 
port  on  the  study  results, 
Knight  writes  that  consumers 
need  apparel  filled  on  a  3-D 
human  body.  "ITi.storically, 
ready-to-wear  appai'cl  ha.?  been 
created  by  designers  preparing 
2*D  'design  concepts'  that  treat 
the  human  body  as  if  it  were 
flat  and  divided  into  separate 
unconnected  segments.  The  re¬ 
sulting  oroducts  are  designed 
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Appeal  of  Body  Scanning 

Not  at  all  Somewhat 

Very 

(a)  Made-to-measure 

25.8% 

27.8% 

46.0% 

(b)  Data  card 

20.6% 

19.6% 

58.7% 

(c)  Computer  imaging 

26.8% 

17.5% 

54.0% 

Note;  Percentages  based  on ; 

sample  size  of  97. 

tor  the  general  mass  morket,  not  individuals,  she 
says.  Knight  adds  that  sizing  standards  are  based  on 
data  collected  decades  ago  that  are  no  longer  ap¬ 
plicable  to  current  needs.  She  notes  the  latest  gen¬ 
eration  of  computer-aided  design  systems  mabes  it 
possible  to  create  garment  shapes  that  are  3-D  and 
incorporate  precise  human  measurements.  She  adds 
(hoi  other  industries,  such  as  the  footwear  industry, 
have  developed  similar  scanning  systems  and  has'e 
used  lliem  for  years  to  enSitre  proper  size  and  fit. 

Knight  says  that  before  she  conducted  her  study. 


process  wotrlcl  take  six  seconds.  After  measurements 
are  taken,  they  could  be  transferred  to  ah  electronic 
card  or  kept  in  a  data  ba.se.  An  electronic  card  could 
be  produced  in  a  few  minutes  for  the  cuslomei'.  If 
measurements  are  kept  in  a  database,  they  would  be 
available  to  the  customer  at  any  store  with  the  scan¬ 
ning  teclmolog^c  body  information  wtjuld  be  updated 
as  often  as  a  customer  chooses.  A  total  nf  97  wonren  re¬ 
turned  the  questionnaire,  for  a  4fi.5%  response  rate. 

According  to  the  study,  women  are  the  primary  pur¬ 
chasers  of  apjjarel.  Fifty-five  percent  of  all  women  in 


tt^ere  had  been  no  consumer  re¬ 
search  on  the  market  feasibilit>-  of 
body  scanning.  The  random  sam¬ 
ple  group  chosen  for  the  study  con¬ 
sisted  of  200  female  employees  at 
UNC-G,  and  a  five-page  question¬ 
naire  containing  questions  on  the 
acceptabillly  of  body  scanning,  siz¬ 
ing,  fit  problems  and  demograph- 
irs  was  mailed  to  the  gl’OUp  in 
February  1994.  The  questionnaire 
also  contained  a  description  of  a 
body  scan  procedure. 

According  to  the  description,  a 
computerized  booth  would  be  lo¬ 
cated  in  the  dressing  room  area  of 
a  retail  store.  Tire  booth  would  he 
black  with  dim  lighting  and  Oper¬ 
ated  by  the  consumer,  who  would 
remove  all  clothing  except  under¬ 
wear  and  push  a  button  to  take 
exact  body  measurements.  The 
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the  L’liited  in  the  labor  force;  65%  of 

women  ages  IB  to  34  are  employed,  70%  of  women 
35  to  54  are  employed,  and  20%  of  women  55  and 
older  are  employed.  Middle-aged  women  are  20% 
more  likely  to  buy  a  suit  each  year,  and  they  are  4nvc 
more  likely  to  buy  a  blazer.  .Sixty  percent  of  them  buy 
four  or  more  dressee  a  year,  compared  with  4<.>7o  of 
younger  women  and  fewer  than  .30%  ol  older 
women. 

The  study  also  shows  that  employed  w'omen  place 
greater  value  on  time-saving,  convenience-shopping 
ouUcUv  place  greater  emphasis  on  fashion,  take  consid¬ 
erable  interest  in  clothing's  flattering  qualities  and 
spend  more  on  clothing.  Working  women  are  more 
thati  twice  as  likely  to  spend  .$500  or  more  on  apparel 
annually  than  non-employed  women,  the  study 
shows. 


A  36.1%  would  p^SS'for  scan 
A  20.6%  woulfl‘'^a^  isi 0  for  scan 
A  44.3%  woutd!pay;$5“for  scan  update 

V.  i 

A  3.1%  would  pay  Is  far  scan  update 


Acceptability  of  body  scaruiiitg.  The  first  objective 
of  the  shidy  wa.s  to  determine  consumer  interest 
in  body  scanning,  and  more  specifically,  the  accepta¬ 
bility  of  tlrree  body  scan  methods:  made  Lo  measure, 
data  card  and  computer  imaging.  Seventy-six  percent 
of  all  of  the  participants  were  willing  to  have  a  body 
scan.  The  data  card  was  the  most  appealing  method, 
followed  by  computer  imaging,  fhe  made-to-meas¬ 
ure  method,  in  which  measurements  are  taken  for  an 
individual  but  not  used  to  determine  industry-wide 
•sizing,  was  the  least  appealing,  according  to  partici¬ 
pants'  responses,  borne  respondents,  .36.5%  to  44.8%, 
found  the  applications  more  appealing  than  usable; 
about  half,  50%  to  54.2%,  found  them  equally  appeal¬ 
ing  and  usable;  and  5.2%  to  9-3%  fomid  the  applica¬ 
tions  more  usable  than  appealing. 

Study  participants  .said  scanning  technology 
shoidd  be  located  in  each  dressing  room  area.  Less 
than  half  said  they  would  be  more  willing  to  use 
body-scaiming  techniques  if  they  could  wear  a  body 
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Respondents'  Annual  Spen(jing  on  Apperel 
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less  than  szoo 

$200- $499 

$500 -$999 

S1,000t 

45.4% 

30.0“/o 

1 _ 

11.3% 
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suit.  The  women  said  they  would  use  body  scanning 
when  purchasing  jeans  and  slacks,  swimwear  and 
blouses  and  stots.  A  total  of  36.1%  said  they  would 
be  willing  to  pay  $5  for  an  initial  scan,  and  20.6% 
said  they  wo.Al  pay  Up  to  $10.  A  total  of  44.3%  said 
they  rvould  pay  $5  each  time  they  updated  their 
card,  and  3.1%  said  tlicy  would  be  willing  to  spend 
SlO  on  Ccird  Iipdateb. 

The  seco.nd  objective  was  to  deleimit^c  if  partid'^ 
pants  have  problems  with  the  fit  of  cvciyday  apparel 
and  jeans.  Almost  half  said  they  sometimes  alter 
their  clothing.  In  particular,  the  women  said  they 
have  problems  with  the  waists,  hips  and  IcngtllS  of 
jeans  and  that  it  is  com.mon  for  them  to  try  on  more 
than  one  pair  before  Ending  a  proper  fit.  More  than 
half  .said  they  would  be  willing  to  pay  mure  for  ap- 
p,^^Rl  made  to  their  own  size  specifications. 

Neither  the  age  nor  body  size  of  the  consumer  af¬ 
fect.?  the  appeal  or  usage  of  the  three  body  scaiuiing 
teclmicjUGS,  according  to  the  survey-  A  greater  num¬ 
ber  of  6ma11-.sized  respondents  most  often  would  use 
the  made-to-mea.sure  method,  and  more  large-.sized 
consumers  would  u.sg  computer  imaging,  the  survey 
showed. 

'The  main  objections  to  body  scanning  were  ex¬ 
pressed  by  participants  who  had  no  problems  vvith 
fit  and  believed  scanning  would  be  a  waste  of  time 
for  them,"  Knight  says.  "Some  of  the  participants 
thought  that  body  scanning  would  be  just  another 
time-consuming  step  in  shopping,  that  they  would 
not  save  any  time  over  the  tTa(ditional  brjing-on  proc¬ 
ess." 

Implications  for  retailers,  manufacturers.  As  a  re¬ 
sult  of  the  rc-sponses,  the  sur\'ey  recommends  that 
retailers  mid  manufacturers  fiuther  explore  the  appeal 
and  use  of  body  scaniiing  technologies  and  that  they 
consider  purchasing  tlie  devices  for  retail  store.?.  Not¬ 
ing  that  there  are  about  135,000  retailers  and  21,301  ap¬ 
parel  or  textile  product  companies  in  the  United 
Stales,  Knight  .says  in  the  survey  report,  "Retailers  and 
manufacliu:cr.$  have  realized  that  developing  strong, 
mutually  inlcrdependent  relationships  is  critical  in 
achieving  coiisumer  satisfaction.  The  heart  of  retailei- 
manufacturer  relationships  is  the  .sharing  of  infonrici- 
fion  through  the  use  of  tedmology." 
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Usability  of  Body  Scanning 


Not  at  aii 

Somewhat 

Very 

(a)  Made-to-measure 

42.2% 

29.9% 

26.8% 

(b)  Data  card 

32.0% 

17.5% 

49.5% 

(c)  Computer  imaging 

35.1% 

20.6% 

43.2% 

Note:  Percentages  based  on  sample  size  of  97. 


Hie  sluclv  also  recoTnmends  furtlier  Study  of  demo- 
grapHc  variables,  such  as  inrome  and  race,  dial  niay  af¬ 
fect  consumer  opinion  and  selnctinn  of  a  niche  market 
such  as  athletic  or  fitness  to  comp-are  fit  problems.  □ 


Aiidra  Knighl  recently  received  Im  master's  degree  from 
tfje  SchKil  of  Hitman  Environmental  Sciences,  Departmmt  of 
Clothing  iiml  TtxlUes,  at  the  Universih/  of  North  Carolina  at 
Gimiakm.  Dr.  Mnici/  Cassill  is  an  associate  professor  there. 
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Published  trade  article,  AIM  October  1994 


Body  Scanning 
In  The  Future 

With  the  technology  to  effectively  use  3-D  body  scans  just  around  the  corner, 
apparel  manufacturers  need  to  make  plans,  z.  by  Nancy  Staples,  Ph.D.,  Roy  Par- 
gas,  Ph.D.  and  Steve  Davis,  Ph.D. 


Picture  this:  In  the  not-so-distant  future,  you 
will  be  measured  for  clothing  with  3-D,  non- 
contact  body  scanners.  You  will  step  into  a 
booth  and  through  the  magic  of  teclmology, 
the  contours  of  your  body  will  be  reproduced  on  a 
computer  screen.  The  attendant  will  hand  you  a  disk¬ 
ette  containing  your  data:  a  file  of  x,  y  and  z  points 
that,  with  the  proper  software  on  a  computer  of  a  suf¬ 
ficient  size,  can  be  converted  to  the  display  on  the  com¬ 
puter  screen.  What?  You  thought  you  were  going  to 
get  your  body  measured  and  instantly  get  a  better  fit 
in  your  clothes  as  a  result? 

The  fact  is  that  the  body  scan  is  only  the  beginning. 
(See  '3-D  Body  Scanning  Gets  High  Marks,"  AIM,  Au¬ 
gust  1994,  page  98.)  The  output  is  useless  without  the 
software  to  extract  information,  such  as  measure¬ 
ments,  from  the  scan.  These  body  dimensions  then 
can  be  used  by  anthropologists  to  create  more  accu¬ 
rate  anthropometric  data  bases  that  can  be  analyzed 
for  designing  people-friendly  work  spaces;  by  apparel 
manufacturers  to  develop  better  fit  models  and  size 
ranges  of  stock  clothing  sizes  or  to  make  made-to- 
measure  or  custom-made  clothing  more  affordable; 
and  by  health  professionals  to  study  growth  in  chil¬ 
dren  or  to  analyze  body  changes  due  to  dieting  or  ex¬ 
ercise. 

Be  prepared.  What's  next?  The  industry  must  plan 
ahead  for  the  inevitability  of  body  scanning  tech¬ 
nology. 

When  body  scanners  are  ready  to  be  field  tested,  the 
people  who  plan  to  use  them  must  be  prepared  with  a 
knowledge  of  precisely  what  they  need  from  the  output 
of  the  scan.  In  terms  of  measurements,  this  means  a 
clear  definition  of  the  body  dimensions  desired  and 
their  precise  locations.  If  manufacturers  and  retailers 
want  to  know  more  about  the  size  and  shape  of  their 
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This  illustration  shows  the  highlighted  surface  dis¬ 
tance  to  be  measured  (before  smoothing), 

customers,  they  will  need  to  determine  what  data  will 
be  most  useful.  This  will  depend  on  using  the  data  for 
model  customization  for  the  target  customer;  style  and 
block  pattern  development;  or  computer-aided  design 
alterations  to  modify  existing  patterns.  If  made-to- 
measure  becomes  more  simple  to  accomplish  at  a  com¬ 
parable  cost  to  stock  sizes,  then  there  must  be  manufac¬ 
turers  flexible  enough  to  be  able  to  produce  custom¬ 
sized  garments  with  little  or  no  disruption  of  their  work 
flow.  If  a  retailer  wants  to  assist  customers  in  selecting  a 
best-fit  size,  then  the  dimensions  or  shapes  that  best  pre¬ 
dict  sizes  for  their  products  must  be  determined. 

Continued  on  Page  50' 


Other  issues  must  be  resolved,  such  as  who  owns  the 
data.  Does  the  consumer  carry  around  his  or  her  scan 
data  on  an  electronic  storage  device  or  is  it  stored  in  a 
central  data  base?  If  it  is  stored  in  a  central  data  base, 
then  who  has  access  to  the  data? 

The  prospect  of  3-D  body  scanning  becoming  a  real¬ 
ity  in  the  near  future  is  exciting  to  researchers  and 
applications  people  alike.  We  will  have  access  to  infor¬ 
mation  that,  if  correctly  analyzed  and  applied,  has  the 
potential  to  transform  the  apparel  industry  and  the  qual¬ 
ity  of  the  products  it  produces. 

Currently,  three  U.S.  companies  are  the  closest  to 
producing  a  field-test-worthy  full  body  scanner.  Cyber¬ 
ware  of  Monterey,  Calif.,  and  Laser  Design  in  Minnea¬ 
polis  are  developing  laser-based  systems.  Textile/ 
Clothing  Technology  Corp.  in  Cary,  N.C.,  is  developing 
a  white-light  system.  The  earliest  expected  functional 
prototype  demonstration  was  expected  this  month, 
with  the  earliest  expected  delivery^  of  a  scanner  in  the 
first  quarter  of  1995.  The  U.S.  Air  Force  and  Army  will 
be  the  first  customers. 

How  it  is  done.  Data  from  a  body  scan  can  be  ex¬ 
pressed  as  X,  y  and  z  points  and  displaved  on  a 
computer  screen  or  further  manipulated  using  existing 
data  editing  software  to  simulate  the  addition  of  skin. 

In  1992,  the  Defense  Logistics  Agency,  a  branch  of  the 
United  States  Defense  Department  responsible  for  pro¬ 
curing  uniforms,  funded  a  research  project  at  Clemson 
Apparel  Research  to  create  the  softw'^are  for  determin¬ 
ing  body  dimensions  from  a  3-D  body  scan  and  for 


Highlighted  multiple  slices. 


Vertical  slice  selected. 


using  those  dimensions  to  predict  uniform  sizes  for  in¬ 
itial  dress  uniform  issue.  Because  the  Anny  currently 
cords  the  chest,  waist,  seat,  neck  and  head  circumfc  - 
ences  and  the  sleeve  length  of  its  recruits,  work  initially 
focused  on  duplicating  the  manual  process  and  deriv¬ 
ing  these  same  measurements  from  a  body  scan. 

The  first  tool  developed  was  for  determining  the  cir¬ 
cumference  of  horizontal  slices.  When  the  operator 
points  with  a  mouse  and  clicks  on  a  point  at  the  level 
where  the  measurement  needs  to  be  determined,  all  of 
the  points  at  that  same  'ty"  value  are  highlighted.  The 
computer  then  displays  the  circumference  of  the  slice  :n 
the  measurement  box. 

The  next  tool  needed  was  for  surface  distance  meas¬ 
urements  (as  in  sleeve  length).  The  operator  can  click 
on  a  series  of  points,  such  as  the  center  back  at  neck 
(PI),  the  shoulder  tip  (P2),  the  elbow  tip  (P3)  and  the 
side  of  the  wrist  (P4),  and  the  computer  calculates  the 
shortest  distance  from  PI  to  P4  on  the  surface  of  the 
body.  The  resulting  line  looks  a  bit  lumpy  at  first,  but 
after  smoothing,  simulates  the  equivalent  of  a  tape  meas¬ 
ure  being  placed  on  the  body. 

With  these  two  tools,  the  Army's  standard  measure¬ 
ments  could  be  derived  from  a  body  scan,  but  the  in¬ 
teractive  nature  of  the  software  was  cumbersome  and 
time  consuming.  The  next  step  was  to  attempt  to  au¬ 
tomate  the  selection  of  the  measurement  location. 

Tools  were  created  to  isolate  the  regions  of  the  body 
such  as  shoulders,  torso,  right  leg,  left  leg,  right  arm 
and  left  arm.  It  then  was  possible  to  teU  the  computer  to 
select  a  slice  from  0%  to  100%  of  the  distance  from  tho 
top  of  the  region  to  the  bottom,  move  down  a  give 
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BODYSCANNINQ; 


} 

* 


Highlighted  slice  for  circumference  measurement. 


number  of  inches  from  that  slice  and  take  a  circumfer- 
ence  measurement  (example:  slice  0%  of  the  torso,  i 
move  2",  measure,  call  the  result  "chest").  It  also  is  pos-  j 
sible  to  tell  the  computer  to  find  the  largest  or  smallest  i  ; 
circumference  in  the  region  (the  waist  in  the  female  is  j  | 
the  minimum  circumference  in  the  torso  region).  ■ 

To  make  the  selection  of  surface  points  more  pre-  j 
cise,  tools  were  created  to  select  the  center  point  on  | 
front,  back,  left  or  right  of  a  slice  or  the  "most"  point  \ 
(most  right,  most  left).  By  selecting  the  correct  series  | 
of  slices  and  selecting  the  appropriate  "center"  of  | 
most  points  on  each,  the  sleeve  length  definition  be-  ) 
comes  more  precise  (PI  equals  slice  0%  of  the  shoul-  | 
der  region  at  the  base  of  the  neck,  center  back  point;  ^ 
P2  equals  slice  100%  of  the  shoulder  region  at  the  ' 
base  of  the  shoulder,  left  most  point;  P3  equals  slice  j 
with  left  most  point  of  the  scan  at  the  elbow,  left 
most  point;  and  P4  equals  slice  with  the  minimum  cir-  , 
cumference  on  the  left  arm  at  the  wrist,  left  most  ’ 
point). 

The  commands  to  perform  the  selection  of  regions, 
slices  and  points  compose  the  building  blocks  of  a  lan¬ 
guage  that  can  be  combined  to  custom  design  the  soft- 
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ware  to  a  user's  needs.  Even  among  anthropologists 
who  are  taught  the  most  scientific  method  of  measur¬ 
ing  bodies,  there  is  variation  in  the  placement  of  meas¬ 
uring  devices.  Measurements  derived  from  a  body 
scan  will  be  most  useful  if  the  locations  of  the  measure¬ 
ments  are  clearly  defined  and  accompany  any  listing 
of  bodv  dimensions.  In  this  wav,  anvone  lookine;  at  a 
resulting  table  of  measurements  will  know  where  the 
dimensions  were  located  on  the  body.  If  a  different  lo¬ 
cation  was  preferred,  since  body  scans  can  be  stored, 
it  would  be  possible  to  request  that  an  additional 
measurement  be  recorded,  based  on  the  location  de¬ 
sired. 

Variations  on  the  basic  tools  were  developed  to  in¬ 
crease  the  usefulness  of  the  software.  Multiple  slices 
can  be  selected  and  compared.  The  operator  can  select 
two  or  more  slices  and  view  them  on  the  body,  then 
display  them  in  a  combined  overhead  view.  This  will 
be  especially  useful  in  the  development  of  women's 
wear,  where  the  abdomen  often  determines  the  widest 
width  of  a  skirt  front  while  the  buttocks  determine  the 
widest  width  of  a  skirt  back. 

Vertical  slices  of  the  body  can  be  selected  and 


viewed  straight  on  to  assist  in  the  definition  of  pos¬ 
ture  for  tailored  wear.  Additional  software  will  be  writ¬ 
ten  to  direct  the  computer  to  analyze  the  vertical  slice 
and  determine  the  posture  type  it  represents. 

Non-traditional  measurements  can  be  derived  and 
analyzed.  It  may  be  that  a  comparison  of  the  long  axis 
and  the  short  axis  of  the  base-of-the-shoulder  slice,  in 
combination  with  the  chest  measurement,  will  aid  in 
the  prediction  of  what  tailored  jacket  size  a  man 
should  wear.  Because  of  access  to  multiple  slice  infor¬ 
mation,  women's  wear  manufacturers  mav  choose  to 
offer  new  size  types  to  accommodate  variations  in  the 
relationship  between  rib  cage  size  and  shape  and 
breast  size  in  women,  z 

Scan  data  files  for  this  research  were  created  by  Dimensional 
hleasurement  Systeiyis  Inc.,  Nezu  York,  and  provided  to  CAR  by 
(TC)',  current  owner  of  the  former  DMS  equipment. 

Nancy  Staples,  Ph.D.  is  a  research  associate/assistant  pro¬ 
fessor  at  CAR.  Roy  Pargas,  Ph.D.,  is  an  associate  professor 
of  computer  science  at  Clemson  University.  Steve  Davis, 
Ph.D.,  is  a  professor  of  management  and  computer  science 
at  Clemson  University. 
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Appendix  L 


Size  prediction  CDRLs 


SOFTWARE  DEVELOPMENT  PLAN— Size  Prediction 


1.0  Introduction. 

This  document  establishes  the  software  development  plan  for  the  size  prediction 
system.  This  research  and  development  project  will  explore  modern  approaches 
to  developing  an  expert  system.  It  will  also  seek  to  develop  new  algorithms  for 
determining  body  measurements  from  a  3D  body  scan. 

2.0  Organization  and  Responsibility. 

This  project  is  conducted  by  Nancy  Staples,  Roy  Pargas,  and  Steve  Davis  as  part  of 
the  Clemson  Apparel  Research  project.  Nancy  Staples  is  the  principal 
investigator. 

3.0  Management  and  Technical  Controls. 

Project  members  will  meet  at  least  once  a  month  to  discuss  progress  and 
problems.  Monthly  reports  to  the  sponsor  will  be  used  partly  as  a  an  internal 
management  tool  to  document  progress  and  identify  and  difficulties  which  arise. 

4.0  Resources. 

4.1  Personnel. 

The  following  details  the  division  of  major  responsibilities:  Nancy  Staples,  project 
direction,  development  of  schemes  for  measuring  the  body;  Roy  Pargas, 
development  of  algorithms  and  software  for  producing  body  measurements  from 
the  output  of  a  3D  body  scan  (two  part-time  graduate  students  will  assist  Dr. 
Pargas);  Steve  Davis,  development  of  an  expert  system  which  predicts  garment 
sizes  from  body  measurements  (two  part-time  graduate  students  will  assist  Dr. 
Davis). 

4.2  Training. 

Davis  and  two  graduate  students  should  attend  training  in  ReMind®,  a  case- 
based  reasoning  shell,  no  later  than  March  1993. 

4.3  Data  Processing  Equipment. 

This  project  will  employ  IBM-compatible  personal  computers  which  are  already 
on  hand  at  the  Clemson  Apparel  Research  facility. 

5.0  Software  Development  Schedule. 

The  project  work  is  organized  in  two  main  efforts:  3D  body  measiarement  and 
expert  system.  The  3D  body  measurement  tasks  are:  study  of  3D  scanners, 
development  of  basic  measures,  development  of  measurement  macro  language, 
and  complete  measurement  software.  The  expert  system  tasks  are:  training  in 
ReMind®,  gather  soldier  data,  develop  expert  system,  and  test  expert  system. 


Gantt  Chart 


Item  Quarter 

DBOBBBBO 

Management  Plan 

Study  of  3D  Scanners 

Development  of  basic  measures 

Development  of  measurement  macro  language 
Complete  measurement  software 

Training  in  ReMind® 

Gather  soldier  data 

Develop  expert  system 

Test  expert  system 

— 

6.0  Risk  Areas. 

There  are  two  principal  risk  areas.  First,  the  project  is  not  assured  of  getting  a  3D 
body  scanner  in  a  timely  fashion.  This  technology  is  still  imder  development. 
Second,  the  project  team  is  employing  a  new  software  technology  for  the  expert 
system,  case-based  reasoning.  None  of  the  project  team  has  any  experience  with 
this  approach  or  with  tools  which  support  it.  To  minimize  the  risk  concerning  the 
3D  scanner,  the  project  will  1)  search  nationwide  for  potential  developers  of  a 
scanner,  and  try  to  negotiate  getting  whichever  product  is  first  ready  to  be 
employed  in  this  project;  and  2)  develop  device-independent  software  for 
converting  output  of  a  3D  scanner  into  useful  body  measurements. 

7.0  Monitoring  and  Reporting. 

The  primary  scheme  will  be  the  monthly  report  to  the  project  sponsor.  This  report 
will  include  status  of  program  development,  problems,  risk  areas,  and  planned 
solutions. 

8.0  Documentation. 

Since  this  project  is  exploratory,  it  will  not  attempt  to  develop  documentation  in  a 
format  appropriate  for  commercial  software.  Instead,  the  project  will  1)  devote 
portions  of  monthly  reports  to  documenting  software,  and  2)  employ  reports 
prepared  by  programmers  as  part  of  their  requirements  for  an  academic 
program. 

9.0  Development  Approach. 

The  purpose  of  this  project  is  to  develop  a  prototype  system,  so  the  software  will  be 
a  prototype  also.  The  project  will  employ  a  case-based  reasoning  shell  (ReMind®) 
and  run-time  libraries  for  the  expert  system. 


10.0  Use  of  Existing  Software. 

10.1  Commercially  Developed  Software. 

This  project  will  use  ReMind®,  a  case-based  reasoning  shell,  to  allow  building  the 
expert  system  faster.  Documentation  for  ReMind®  is  furnished  in  a  user 
manual.  The  project  will  have  the  rights  to  all  data.  There  are  no  plans  to  certify 
ReMind®,  since  it  already  has  a  good  reputation  in  the  industry. 

10.2  Existing  Applications  Software. 

No  software  of  this  type  will  be  used,  with  the  exception  of  programs  that  may  be 
furnished  by  the  manufacturer  of  a  3D  body  scanner. 

11.0  Development  and  Test  Tools. 

This  project  will  develop  a  procedure  for  testing  the  expert  system.  The  scheme 
calls  for  reserving  a  number  of  cases  for  testing,  then  comparing  system 
predictions  of  garment  sizes  to  the  sizes  associated  with  those  cases. 

12.0  Security  Controls  and  Requirements. 

Since  results  of  this  project  are  open  to  the  public,  no  special  security  controls  will 
be  necessary. 


SOFTWAKE  REQUIREMENTS  SPECIFICATION— Size  Prediction 


1.0  Introduction. 

This  document  establishes  the  requirements  for  the  size  prediction  system. 

1.1.  Purpose. 

The  intent  is  to  prescribe  clearly  how  the  system  will  perform. 

1.2  Scope. 

Requirements  will  be  outlined. 

1.3  Terminology. 

3D  Non-contact  Measurement — refers  to  a  machine  which  takes  body 
measurements  using  light  beams. 

Case-based-reasoning  (CBR) — describes  an  approach  to  developing  expert  systems 
which  employs  previous  cases  to  determine  the  correct  disposition  of  a  current 
case. 

Clip — Clothing  Initial  Issue  Point. 

1.4  References,  (none) 

1.5  Overview. 

2.0  General  description. 

The  system  will  be  developed  in  two  phases.  The  Phase  I  system  will  take 
measurements  as  input  and  will  predict  the  appropriate  garment  sizes.  The 
Phase  II  system  will  employ  3D  measurements  as  input. 

2.1  Product  perspective. 

The  Phase  I  system  will  consist  of  software  rimning  on  an  IBM-compatible  PC 
located  in  or  near  the  measurement  room  of  a  military  clothing  issue  facility.  The 
Phase  II  system  will  consist  of  a  3D  non-contact  measurement  device  connected  to 
the  PC  system. 

2.2  Product  functions. 

The  system  will  predict  soldier  garment  sizes,  print  measurements  and  sizes  on 
either  plain  paper  or  on  a  portion  of  the  clothing  form.  To  facihtate  evaluation  it 
will  store  in  a  database:  sizes  and  predictions,  sizes  actually  assigned,  sizes  of 
garments  tried  on,  and  alteration  data. 

2.3  User  characteristics. 

Intended  users  are  personnel  currently  conducting  measurement  and  clothing 
issue  activities  at  military  installations. 

2.4  General  constraints. 

The  system  must  be  usable  by  people  without  specialized  training. 

2.5  Assumptions,  (n/a) 


3.0  Specific  requirements 
Z.l  Functional  requirements. 

3.1.1  Size  prediction. 

Phase  I  inputs  (from  the  keyboard  at  the  measurement  room)  include:  soldier  last 
name,  first  name,  height,  head,  neck,  chest,  waist,  hips,  sleeve  length,  weight. 
Phase  II  inputs  (from  3D  non-contact  device)  to  be  determined  (it  depends  on  the 
specific  device. 

Process:  to  predict  sizes  of  short  sleeve  shirt,  long  sleeve  shirt,  black  coat,  green 
coat,  and  trousers. 

Outputs:  Last  name,  first  name,  size  for  each  garment.  In  Phase  II  may  also 
output  alteration  data. 

3.1.2  Evaluation  of  size  prediction  and  update  of  cases. 

Inputs  (at  the  issue  point):  sizes  of  garments  tried  on,  and  sizes  assigned  for  each 
of  the  garments. 

Process;  storage  in  database;  and  calculation  of  average  number  of  try-ons  for 
each  garment  t3^e;  also  storage  of  correct  size  assignment  as  a  new  case  in  the 
database. 

Outputs:  average  number  of  try-ons. 

3.2  External  interface  requirements. 

Z.2.1  Human. 

Inputs  in  the  measurement  room  will  be  accomplished  by  the  measurer  or  his 
designated  representative,  who  might  be  a  soldier  on  detail.  Outputs  in  the 
measurement  room  will  be  accomplished  by  a  laser  printer.  If  output  is  directed 
to  the  clothing  form,  the  user  (possibly  the  soldier  involved)  must  enter  the 
clothing  form  into  the  printer  in  the  right  way  so  the  output  will  be  directed  to  the 
appropriate  part  of  the  form. 

Try-on  data  must  be  recorded  on  the  clothing  form  by  CUP  personnel  (note  this  is 
a  revision  to  normal  procedure  and  requires  their  support).  Sizes  of  garments 
tried  on  will  be  recorded  next  to  the  final  size  issued. 

3.2.2  Hardware. 

(see  next  paragraph;  we  might  want  to  interface  with  the  current  mainframe- 
based  system). 

3.2.3  Software. 

Consider  merging  the  function  of  our  system  and  the  mainframe  system 
currently  employed  at  Ft.  Jackson,  SC.  Current  system  involves  keying  data  from 
the  clothing  form,  which  is  later  used  to  print  a  clothing  form.  Merging  systems 
would  save  duplicate  keying,  and  could  convert  from  a  mainframe  to  a  PC-based 
system  which  might  be  more  convenient. 

3.2.4  Communications. 

In  a  future  version,  we  possibly  may  want  to  transmit  electronically  soldier 
names  and  sizes  to  clothing  issue  stations.  In  Phase  II  we  may  want  to  tremsmit 


size  and  alteration  requirements  to  the  clothing  issue  point  or  alteration  room. 
3.2.5  Location. 

The  personal  computer  and  printer  will  be  located  in  the  measimement  room. 
3.3.0  Performance  requirements. 

3.3.1  Input! output  loads. 

The  system  must  handle  400  soldiers  per  day. 

3.3.2  Database  loads. 

When  the  system  is  in  use,  it  must  retain  daily  an  estimated  60K  bytes  (400 
soldiers  with  150  bytes  per  soldier  record). 

3.3.3  Response  times. 

The  system  must  begin  printing  correct  sizes  within  20  seconds  after  entry  of 
measurement  input. 

3.3.4  Resource  usage. 

Requires  electrical  power  for  computer  system  in  measmement  room. 

3.40  Design  constraints. 

Although  not  a  constraint,  the  current  plan  is  to  employ  case-based  reasoning 
(CBR)  to  enable  the  system  to  learn  and  to  easily  adapt  to  new  situations  (such  as 
the  Marine  Corps  issue  facility). 

3.4.1  Standards  compliance. 

Since  this  project  will  develop  a  research  prototype,  standards  are  not  essential. 

3.4.2  Hardware  limitations. 

System  should  run  effectively  on  an  IBM-compatible  PC  with  Pentium  processor. 
Z. 50  Attributes  (quality  requirements). 

The  system  should  predict  garment  sizes  at  least  as  accurately  as  current  human 
fitters.  Their  initial  (first  try)  predictions  are  about  75%  accurate  for  most 
garments. 

Z. 5.1  Availability,  (n/a;  research  prototype) 

3.5.2  Reliability,  (n/a;  research  prototype) 

3.5.3  Maintainability,  (n/a;  research  prototype) 


SOFTWARE  TEST  DESCRIPTION-Size  Prediction 
(contract  specifies  a  Software  Systems  Development  Test  and  Evaluation 
Plan,  DI-MCCR-8039;  this  outline  is  from  DI-IPSC-81439,  published  in  MIL- 
STD-498, 5  December  1994) 

1.0  Scope. 

1.1  Identification. 

This  describes  software  completed  in  contract  DLA900-87-D-0017,  D.O.  0026 
which  extracts  body  measurements  from  a  3D  body  scan  and  predicts 
clothing  sizes  from  body  measurements. 

1.2  System  overview. 

Clemson  Apparel  Research  began  the  project  to  design  an  expert  system  for 
imtial  try-on  of  the  US  Army  men's  dress  uniform  began  on  June  10,  1992. 
Tins  was  a  contract  sponsored  by  the  Defense  Logistics  Agency.  The’ 
objective  was  to  automate  the  prediction  of  US  Army  male  dress  uniform 
initial  issue  try-on  size  by  employing  an  expert  system  in  coordination  with 
accurate  3-dimensional,  non-contact  body  measurement.  The  history  of 
system  development  is  described  in  detail  in  the  final  report  of  which  this  is 
a  part.  The  Clothing  Initial  Issue  Point  (CUP)  at  Fort  Jackson,  SC 
supported  this  project  by  serving  as  a  test  site. 

1.3  Document  overview. 

This  describes  how  the  size  prediction  system  may  be  tested. 

2.  Referenced  documents. 

^  of  learning  in  a  case-based  reasoning  system  " 

M.S.  program  scholarly  paper,Dept.  of  Computer  Science,  Clemson 
University,  SC  29634,  August  1994. 

b.  Davis,  J.S.  and  V.  Jindal,  “CBR  system  learning,”  working  paper. 
Department  of  Management,  Clemson  University,  SC  29634,  July  1995. 

3.0  Test  preparations. 

No  security  or  privacy  restrictions  apply. 

3.10  Selection  of  test  cases  for  the  size  prediction  component. 

3.1.1  Hardware  preparation .  n/a. 

3.1.2.  Software  preparation.  As  described  in  reference  “a”,  determine  how 
many  test  cases  will  be  used,  say  100.  Using  a  database  management 
gystem  such  as  dBase  IV,  store  a  random  number  in  each  on-hand  case. 

Sort  the  cases  in  order  of  that  random  number.  Select  the  desired  number 
(e.g.  100)  from  the  first  ones  and  store  them  in  a  separate  file. 

3.1.3  Other  pre-test  preparations,  n/a 


3.20  Setting  up  new  case-based  reasoning  library  for  size  prediction 
component. 

Z.2.1  Hardware  preparation,  n/a. 

3.2.2.  Software  preparation. 

As  described  in  reference  “a”,  import  all  but  the  selected  test  cases  into  a 
library  using  the  ReMind  case-based  reasoning  shell. 

3.2.3  Other  pre-test  preparations,  n/a. 

3.30  Running  a  test  of  the  size  prediction  component. 

Z.Z.l  Hardware  preparation,  n/a. 

3.3.2.  Software  preparation. 

As  described  in  reference  “a”,  set  up  a  batch  file  to  automatically  process 
each  of  the  test  cases  and  store  results  in  a  file. 

4.0  Test  descriptions. 

4.1  Test  of  the  size  prediction  component. 

4.1.1  Test  case  for  the  size  prediction  component. 

4.1. 1.1  Requirements  addressed. 

A  test  case  helps  determine  how  well  the  system  predicts  clothing  sizes. 

4. 1.1.2.  Prerequisite  conditions,  n/a. 

4. 1.1.3.  Test  inputs. 

Each  test  case  contains  the  following  data  fields  (measurement  ranges  are 
estimated  based  on  data  gathered  at  Fort  Jackson): 


1. 

Height: 

58  to 

80 

2. 

Weight: 

95  to 

255 

3. 

Sleeve  length: 

25  to 

40 

4. 

Waist: 

23  to 

48 

5. 

Seat: 

30  to 

50 

6. 

Breast: 

30  to 

50 

7. 

Head: 

19  to 

25 

8. 

Short  sleeve  shirt  size 

9. 

Long  sleeve  shirt  neck 

10. 

Long  sleeve  shirt  sleeve 

11. 

Black  coat  size 

12. 

Black  coat  length 

13. 

Green  coat  size 

14. 

Green  coat  length 

15. 

Trousers  size 

16. 

Trousers  length 

4. 1.1.4  Expected  test  results. 

We  expect  the  system  to  predict  the  same  sizes  contained  in  the  test  case. 


4. 1.1.5  Criteria  for  evaluating  results. 

One  may  evaluate  the  system  based  on  its  first,  second  or  third  choices  for 
clothing  sizes.  When  multiple  test  cases  are  processed,  the  system  should 
achieve  about  the  same  percentage  of  correctness  as  human  fitters  do. 


4.1. 1.1.6  Test  procedure. 

Details  are  found  in  references  a  and  b.  A  batch  file  should  be  created  that 
^nTfile”^^^^^^^^  cases  to  be  processed,  one  by  one,  and  the  results  stored 


4. 1.1. 1.7  Assumptions  and  constraints,  n/a 
5.0  Requirements  traceability. 

Testing  described  herein  is  intended  to  determine  how  well  the  system 
satisfies  the  requirement  to  predict  clothing  sizes. 


6.0  Notes,  n/a 


SOFTWARE  USERS  MANUAL— Size  Prediction 

(contract  specifies  DI-MCCR-8013;  this  outline  is  from  DI-IPSC-81443, 

published  in  MIL-STD-498,  5  December  1994) 

1.0  Scope. 

1.1  Identification. 

This  manual  describes  software  completed  in  contract  DLA900-87-D-0017, 
D.O.  0026,  which  extracts  body  measurements  from  a  3D  body  scan  and 
predicts  clothing  sizes  from  body  measurements. 

1.2  System  overview. 

Clemson  Apparel  Research  began  the  project  to  design  an  expert  system  for 
initial  try-on  of  the  US  Army  men's  dress  uniform  began  on  June  10,  1992. 
This  was  a  contract  sponsored  by  the  Defense  Logistics  Agency.  The 
objective  was  to  automate  the  prediction  of  US  Army  male  dress  uniform 
initial  issue  try-on  size  by  employing  an  expert  system  in  coordination  with 
accurate  3-dimensional,  non-contact  body  measurement.  The  history  of 
system  development  is  described  in  detail  in  the  final  report  of  which  this 
users  manual  is  a  part.  The  Clothing  Initial  Issue  Point  (CUP)  at  Fort 
Jackson,  SC  supported  this  project  by  serving  as  a  test  site. 

1.3  Document  overview. 

The  purpose  of  this  document  is  to  summarize  how  the  software  may  be 
used.  There  are  no  security  or  privacy  restrictions. 

2.0  Referenced  documents,  (none). 

3.0  Software  summary. 

3.1  Software  application. 

The  software  is  intended  to  be  used  at  a  clothing  issue  point  to  speed  up 
operations  by  automatically  predicting  clothing  sizes.  This  project 
accomplished  much  of  the  work  necessary  to  integrate  a  3D  body  scanner 
and  size  prediction  expert  system  into  the  uniform-issuing  process  of  a 
Clip  such  as  the  one  at  Fort  Jackson.  The  missing  link  remains  the  3D 
full-body  scanner,  which  was  not  available  during  the  project.  The  addition 
of  a  scanner  would  take  care  of  the  need  for  accurately  taking  a  sufficient 
number  of  measurements  for  each  soldier.  The  scanner  would  quickly 
capture  a  3D  body  image.  The  project-produced  software,  which  converts 
scanner  output  (a  file  of  x-,  y-,  z-points)  to  specific  body  measurements 
would  provide  the  data  necessary  (stored  cases  of  measurements)  for  the 
size  prediction  software  to  determine  the  sizes  to  be  tried  on  for  issue.  The 
current  size  prediction  software  works  with  manually-taken 
measurements  as  input. 


3.2  Software  inventory. 


The  system  consists  of  two  parts,  measurement  extraction  and  size 
prediction.  The  size  prediction  software  requires  the  following  files  to 
operate,  none  of  which  have  security  or  privacy  considerations: 

Sizep.exe 

(the  executable  main  program) 

Sizep.ini 

(includes  user  options) 

CBRemind.dll 

(C  libraries  for  the  ReMind  case-based  reasoning  shell) 

Jack.cbr 

(case-based  reasoning  library;  records  of  previously  measured 
soldiers) 

3.3  Software  environment. 

The  system  requires  an  IBM-compatible  PC  with  SMB  Ram  and  10  MB  hard 
disk  space  free,  and  a  printer,  running  Microsoft  Windows  3.1  or  later. 
CBRemind.dll  (containing  C  libraries  for  the  ReMind  case-based  reasoning 
shell)  may  be  obtained  from  Cognitive  Systems,  Inc. 

3.4  Software  organization  and  overview  of  operation. 

When  the  size  prediction  component  is  started,  the  user  sees  a  blank  form 
on  the  screen  which  accepts  input  describing  measurements  for  a  soldier. 
The  computer  accepts  input  as  fast  as  it  can  be  entered.  It  calculates 
measurements  in  approximately  40  seconds  per  soldier,  with  a  486  DX 
processor.  The  measurements  can  be  printed  by  clicking  on  a  "Print” 
button.  The  system’s  size  predictions  agree  with  those  of  human  fitters  60- 
70%  of  the  time. 

3.5  Contingencies  and  alternate  states  and  modes  of  operation. 

If  problems  develop  with  the  size  prediction  software,  temporarily  clothing 
sizes  could  be  predicted  manually. 

3.6  Security  and  privacy. 

There  are  no  special  security  or  privacy  restrictions  on  the  size  prediction 
software,  except  the  CBRemind.dll  is  copyrighted  by  Cognitive  Systems,  Inc. 

3.7  Assistance  and  problem  reporting. 

Problems  with  the  size  prediction  software  should  be  referred  to  Professor 
Steve  Davis  at  Clemson  Apparel  Research,  500  Lebanon  Road,  Clemson,  SC 
29670. 

4.0  Access  to  the  software. 

The  user  should  load  CBRemind.dll  in  the  C:\WINDOWS  directory. 
Sizep.exe,  Sizep.ini,  and  Jack.cbr  could  be  loaded  in  the  C:\SIZE  directory. 
Then  the  user  should  edit  the  Sizep.ini  file  and  modify  entries  as  indicated 
by  the  directions  in  the  file. 

4.10  First-time  user  of  the  software. 


4.1.1  Equipment  familiarization. 

The  size  prediction  program  uses  the  familiar  windows  interface  and  an 
ordinary  personal  computer.  No  special  familiarization  is  necessary. 

4.1.2  Access  control,  n/a. 

4.1.3.  Installation  and  setup. 

The  user  should  load  CBRemind.dll  in  the  C:\WINDOWS  directory. 
Sizep.exe,  Sizep.ini,  and  Jack.cbr  could  be  loaded  in  the  C:\SIZE  directory. 
Then  the  user  should  edit  the  Sizep.ini  file  and  modify  entries  as  indicated 
by  the  directions  in  the  file. 

4.2  Initiating  a  session. 

From  the  Windows  main  group,  select  File/Run,  then  enter 
“C:\SIZE\Sizep.exe  C:\SIZE\Sizep.ini”.  If  any  error  messages  result,  re¬ 
check  installation  of  files  as  specified  in  4.1.3.  Also,  examine  the  file 
Sizep.ini,  which  has  self-contained  instructions  for  setup. 

4.3  Stopping  and  suspending  work. 

To  exit  the  program,  close  the  window  that  the  program  rims  in.  If  there  is 
an  abnormal  termination,  the  user  will  be  notified  with  a  message  on  the 
screen. 

5,0  Processing  reference  guide. 

5.1  Capabilities. 

The  size  prediction  software  takes  body  measurements  as  input  and 
provides  sizes  as  output. 

5.2  Conventions. 

No  special  conventions  are  used. 

5.3  Processing  procedures. 

5.3.1  Predict. 

Clicking  on  this  button  signifies  that  all  measurements  have  been  entered 
and  the  user  requests  size  predictions. 

5.3.2  Print. 

Clicking  on  this  button  causes  the  measurements  and  the  size  predictions 
to  be  printed. 

5.3.3  Print  and  Clear. 

Clicking  on  this  button  causes  the  measurements  and  the  size  predictions 
to  be  printed,  and  then  the  measurements  are  cleared. 


5,4  Related  processing. 


If  the  user  wishes  to  recalibrate  the  size  prediction  system,  it  requires 
building  a  new  set  of  cases  (a  case  consists  of  the  body  measurements  of  one 
soldier  together  with  the  garment  sizes).  These  cases  should  be  converted  to 
ASCII  format  and  then  imported  into  the  ReMind  case-based  reasoning 
shell.  That  shell  then  can  be  used  to  create  a  library.  The  new  library 
would  be  used  instead  of  the  one  called  Jack.cbr,  above.  Details  of  this 
procedure  are  in  the  ReMind  users  manual. 

5.5.  Data  backup. 

There  is  no  internal  backup  in  the  size  prediction  system.  If  one  wishes  a 
record  of  transactions,  one  could  retain  a  copy  of  the  printed  output. 

5.6  Recovery  from  errors,  malfunctions,  and  emergencies. 

In  the  event  of  errors  or  abnormal  terminations,  the  user  may  re-boot  the 
computer  and  then  re-start  the  software. 

5.7  Messages. 

The  only  messages  provided  by  the  system  during  normal  operation  are 
progress  messages  such  as  “prediction  trouser  size...”.  A  system  message 
such  as  “General  Application  Failure”  requires  a  recovery  as  mentioned  in 
paragraph  5.6. 

5.8  Quick-reference  guide,  n/a. 

6.0  Notes. 

CUP  — Clothing  Initial  Issue  Point 

ASCII  — ^American  Standard  for  Computer  Information  Interchange. 


Appendix  M 


Measurement  extraction  CDRLs 


SOFTWAKE  DEVELOPMENT  PLAN — 3DM:  Computer- Assisted  Measurement 
Extraction 

1.0  Introduction. 

This  document  establishes  the  software  development  plan  for  3DM,  a  computer- 
assisted  measurement  extraction  system.  This  research  and  development  project 
will  develop  new  algorithms  for  determining  body  measurements  from  a  3D  body 
scan. 

2.0  Organization  and  Responsibility. 

This  project  is  conducted  by  Nancy  Staples,  Roy  Pargas,  and  Steve  Davis  as  part 
of  the  Clemson  Apparel  Research  project.  Nancy  Staples  is  the  principal 
investigator. 

3.0  Management  and  Technical  Controls. 

Project  members  will  meet  at  least  once  a  month  to  discuss  progress  and 
problems.  Monthly  reports  to  the  sponsor  will  be  used  partly  as  a  an  internal 
management  tool  to  document  progress  and  identify  any  difficulties  which 
arise. 

4.0  Resources. 

4.1  Personnel. 

The  following  details  the  division  of  major  responsibilities:  Nancy  Staples, 
project  direction;  development  of  schemes  for  measuring  the  body;  Roy  Pargas, 
development  of  algorithms  and  software  for  producing  body  measurements  from  the 
output  of  a  3D  body  scan  (two  part-time  graduate  students  will  assist  Dr.  Pargas); 
Steve  Davis,  development  of  an  expert  system  which  predicts  garment  sizes  from 
body  measurements  extracted  (two  part-time  graduate  students  will  assist  Dr. 
Davis). 

4.2  Training.  Davis  and  two  graduate  students  should  attend  training  in  ReMind®, 
a  case-based  reasoning  shell,  no  later  than  March  1993. 

4.3  Data  Processing  Equipment.  This  project  will  employ  IBM-compatible  personal 
computers  which  are  already  on  hand  at  the  Clemson  Apparel  Research  facility. 

5.0  Software  Development  Schedule. 

The  project  work  is  organized  in  two  main  efforts:  3D  body  measurement  and  expert 
system.  The  3D  body  measurement  tasks  are:  study  of  3D  scanners,  development  of 
basic  measures,  development  of  measurement  macro  language,  and  complete 
measurement  software.  The  expert  system  tasks  are:  training  in  ReMind®,  gather 
soldier  data,  develop  expert  system,  and  test  expert  system. 


Gantt  Chart 


Item  Quarter 

BQBDBQBO 

Management  Plan 

Study  of  3D  Scanners 

Development  of  basic  measures 

Development  of  measurement  macro  language 
Complete  measurement  software 

Training  in  ReMind® 

Gather  soldier  data 

Develop  expert  system 

Test  expert  system 

— 

6.0  Risk  Areas. 

There  are  two  principal  risk  areas.  First,  the  project  is  not  assured  of  getting 
a  3D  body  scanner  in  a  timely  fashion.  This  technology  is  still  tinder 
development.  Second,  the  project  team  is  employing  a  new  software  technology  for 
the  expert  system,  case-based  reasoning.  None  of  the  project  team  has  any 
experience  with  this  approach  or  with  tools  which  support  it.  To  minimize  the 
risk  concerning  the  3D  scanner,  the  project  will:  1)  search  nationwide  for 
potential  developers  of  a  scanner,  and  try  to  negotiate  getting  whichever  product 
is  first  ready  to  be  employed  in  this  project,  and  2)  develop  device-independent 
software  for  converting  output  of  a  3D  scanner  into  useful  body  measurements. 

7.0  Monitoring  and  Reporting. 

The  primary  scheme  will  be  the  monthly  report  to  the  project  sponsor.  This  report 
will  include  status  of  program  development,  problems,  risk  areas,  and  planned 
solutions. 

8.0  Documentation. 

Since  this  project  is  exploratory,  it  will  not  attempt  to  develop  documentation 
in  a  format  appropriate  for  commercial  software.  Instead,  the  project  will:  1) 
devote  portions  of  monthly  reports  to  documenting  software,  and  2)  employ  reports 
prepared  by  programmers  as  part  of  their  requirements  for  an  academic  program. 

9.0  Development  Approach. 

The  purpose  of  this  project  is  to  develop  a  prototype  system,  so  the  software 
will  be  a  prototype  also.  For  the  3D  measmement  routines  the  project  will  use 
C++  and  will  develop  a  macro  language  to  facilitate  easy  specification  of  various 
body  measurements. 


10.0  Use  of  Existing  Software. 

10.1  Commercially  Developed  Software,  n/a 

10.2  Existing  Applications  Software. 

No  software  of  this  type  will  be  used,  with  the  exception  of  programs  that  may 
be  furnished  by  the  manufacturer  of  a  3D  body  scanner, 

11.0  Development  and  Test  Tools. 

This  project  will  develop  a  procedure  for  testing  the  expert  system.  The  scheme 
calls  for  reserving  a  number  of  cases  for  testing,  then  comparing  system 
predictions  of  garment  sizes  to  the  sizes  associated  with  those  cases. 

12.0  Security  Controls  and  Requirements. 

Since  results  of  this  project  are  open  to  the  public,  no  special  security 
controls  will  be  necessary. 


SOFTWARE  REQUIREMENTS  SPECIFICATION— 3DM:  Computer-Assisted 
Measurement  Extraction 

1.0  Introduction. 

This  document  establishes  the  requirements  for  3DM,  a  computer-assisted 
measurement  extraction  system. 

1.1.  Purpose. 

The  intent  is  to  prescribe  clearly  how  the  3DM  will  perform. 

1.2  Scope. 

Requirements  will  be  outlined. 

1.3  Terminology. 

3D  Non-contact  Measurement  refers  to  a  machine  which  scans  the  human  body 
using  light  beams  and  outputs  a  file  of  x-,  y-,  and  z-points  from  which  body 
measurements  can  be  extracted. 

Case-based-reasoning  (CBR)  describes  an  approach  to  developing  expert  systems 
which  employs  previous  cases  to  determine  the  correct  disposition  of  a  current 
case. 

CUP  stands  for  Clothing  Initial  Issue  Point. 

1.^  References,  (none) 

1.5  Overview. 

2.0  General  description. 

3DM  will  take  as  input  a  digitized  image  of  the  human  body.  The  user  will  be 
able  to  take  measurements  interactively  on  this  human  image,  including 
circumferential  and  distance  measurements.  In  addition,  the  user  will  be  able 
to  write  simple  macros  to  automate  the  measurement  extraction  process. 

2.1  Product  perspective. 

3DM  runs  on  a  SUN  Workstation  running  the  SUN  OS/4  operating  system.  It  is 
written  in  the  language  C-n-  and  requires,  as  input,  the  digitized  scan  of  a 
human  body  produced  by  a  3D  scanner. 

2.2  Product  functions. 

The  system  will  interactively  provide  the  user  with  measurements  taken  from  a 
digitized  image.  These  include  circumferential  measurements  such  as  waist  and 
chest  measurments,  distance  measurements  such  as  sleeve  length,  and  radial 
measurements.  In  addition,  a  macro  language  facility  allows  the  user  to  record 
the  steps  in  taking  a  given  measurement  and  play  the  recorded  instructions  back  at 
a  later  time,  thereby  automating  the  measurement  process. 


2.3  User  characteristics. 


Intended  users  are  personnel  currently  conducting  measurement  and  clothing 
issue  activities  at  military  installations. 

2.4  General  constraints. 

The  system  must  be  usable  by  people  without  specialized  training. 

2. b  Assumptions,  iji/ a) 

3.0  Specific  requirements. 

2). 1  Functional  requirements. 

INPUT;  The  only  input  required  is  a  digitized  image  of  a  human  body  generated 
by  a  three-dimensional,  non-contact  scanner. 

PROCESS:  Using  3DM,  the  user  is  able  to  take  measurements  by  pointing  and 
clicking  on  different  locations  on  the  image  and  by  making  measurement 
selections  from  the  menus  provided. 

OUTPUT:  3DM  will  generate  the  measurments  selected,  measurements  such  as 
waist  and  chest  circumferences  and  sleeve  length. 

3.2  External  interface  requirements. 

5.2.1  Human.  None 

3.2.2  Hardware.  None 

The  system  is  a  stand-alone  system  requiring  a  SUN  Workstation  running  SUN 
OS/4  operating  system. 

3.2.3  Software.  None 

The  system  is  a  stand-alone  system  requiring  a  SUN  Workstation  running  SUN 
OS/4  operating  system. 

3.2.4  Communications. 

In  a  future  version,  it  may  be  desirable  to  transmit  soldier  names  and 
measurements  electronically  to  clothing  issue  stations. 

3.2.5  Location. 

The  workstation  and  printer  will  be  located  in  the  measurement  room. 

3.3.0  Performance  requirements. 

3.3.1  Input! output  loads. 

The  system  must  handle  400  soldiers  per  day. 


3.3.2  Database  loads,  n/a 


3.3.3  Response  times. 

The  system  must  produce  measurements  within  10  seconds  after  a  measurment 
selection  has  been  entered. 

Resource  usage. 

Requires  electrical  power  for  computer  system  in  measurement  room. 

3.40  Design  constraints.  None 

3.4.1  Standards  compliance. 

Since  this  project  will  develop  a  research  prototype,  standards  are  not 
essential. 

3.4.2  Hardware  limitations. 

System  should  run  effectively  on  a  SUN  workstation  rurming  the  SUN  OS/4 
operating  system. 

3.50  Attributes  (quality  requirements). 

The  system  should  take  measurements  as  accurately  as  current  human  fitters. 

3.5.1  Availability,  (n/a;  research  prototype) 

3.5.2  Reliability,  (n/a;  research  prototype) 

3.5.3  Maintainability,  (n/a;  research  prototype) 


SOFTWARE  TEST  DESCRIPTION — 3DM:  Computer-Assisted  Measurement 
Extraction  (contract  specifies  a  Software  Systems  Development  Test  and  Evaluation 
Plan,  DI-MCCR-8039;  this  outline  is  from  DI-IPSC-81439,  published  in  MIL-STD- 
498,  5  December  1994) 

1.0  Scope. 

1 . 1  Identification . 

This  describes  software  completed  in  contract  DLA900-87-D-0017,  D.O.  0026,  which 
extracts  body  measurements  from  a  three-dimensional  body  scan  and  predicts 
clothing  sizes  from  body  measimements. 

1.2  System  overview. 

Clemson  Apparel  Research  began  the  project  to  design  an  expert  system  for 
initial  try-on  of  the  US  Army  men's  dress  imiform  on  June  10,  1992.  This 
was  a  contract  sponsored  by  the  Defense  Logistics  Agency. 

The  objective  was  to  automate  the  prediction  of  U.S.  Army  male  dress  uniform 
initial  issue  try-on  size  by  emplo34ng  an  expert  system  in  coordination  with 
accurate  3-dimensional,  non-contact  body  measiu'ement.  The  history  of  system 
development  is  described  in  detail  in  the  final  report  of  which  this  is  a  part. 

The  Clothing  Initial  Issue  Point  (CIIP)  at  Fort  Jackson,  SC  supported  this 
project  by  serving  as  a  test  site. 

1.3  Document  overview. 

This  describes  how  3DM,  the  measurement  extraction  software  system,  may  be 
tested. 

2.  Referenced  documents. 

Pargas,  R.P.  "Automatic  Measurement  Extraction  from  a  3D  Scan  of  the 
Human  Body",  technical  report.  Department  of  Computer  Science,  Clemson 
University,  SC  29634. 

3.0  Test  preparations. 

No  security  or  privacy  restrictions  apply. 

3.10  Development  of  list  of  body  landmarks  for  measurement  taking. 

A  list  of  landmarks  to  be  used  to  make  measurements  both  for  apparel  sizing  and 
made-to-measure  will  be  prepared.  A  sample  of  these  landmarks  is  listed  below. 

1.  Neck  center  point 

2.  Neck  left  side 

3.  Neck  center  back 

4.  Neck  right  side 

5.  Right  armscye  bottom  side 

6.  Right  armscye  top  side  (acromion) 

7.  Left  armscye  bottom  side 

8.  Left  armscye  top  side  (acromion) 

9.  Shoulder  center  front 


10.  Chest  center  front  (suprastemale) 

11.  Chest  left  side 

12.  Chest  center  back 

13.  Chest  right  side 

14.  Bust  left  bust  point 

15.  Bust  left  side 

16.  Bust  center  back 

17.  Bust  right  side 

18.  Bust  right  bust  point 

19.  Waist  center  front 

20.  Waist  front  left  under  shoulder 

21.  Waist  left  under  bust 

22.  Waist  left  side 

23.  Waist  back  left  under  shoulder 

24.  Waist  center  back 

25.  Waist  back  right  under  shoulder 

26.  Waist  right  side 

27.  Waist  right  under  bust 

28.  Waist  front  right  under  shoulder 

29.  Low  hip  center  front 

30.  Low  hip  center  back 

31.  Maximum  abdomen  center  front 

32.  High  hip  center  front 

33.  Right  bicep  center  front 

34.  Left  bicep  center  front 

35.  Right  elbow  outside  (lateral  epicondyle) 

36.  Left  elbow  outside  (lateral  epicondyle) 

37.  Right  forearm  center  front 

38.  Left  forearm  center  front 

39.  Right  wrist  outside  (radiale) 

40.  Right  wrist  inside  (ulnar  styloid) 

41.  Left  wrist  outside  (radiale) 

42.  Left  wrist  inside  (ulnar  styloid) 

43.  Right  upper  thigh  inside 

44.  Left  upper  thigh  inside 

45.  Right  thigh  center  front 

46.  Left  thigh  center  front 

47.  Right  knee  center  front 

48.  Left  knee  center  front 

49.  Right  calf  center  front 

50.  Left  calf  center  front 

51.  Right  upper  ankle  center  front 

52.  Left  upper  ankle  center  front 

53.  Right  ankle  inside  (medial  malleolus) 

54.  Left  ankle  inside  (medial  malleolus) 

55.  Crotch  point 

56.  Right  middle  shoulder 

57.  Left  middle  shoulder 


Once  the  landmarks  have  been  defined,  measurements  will  be  defined  based  on  the 
landmarks  listed.  Examples  of  possible  measurements  are: 

Circumferences 

1.  Neck 

2.  Right  armscye 

3.  Left  armscye 

4.  Shoulder 

5.  Chest 

6.  Bust 

7.  Waist 

8.  Low-hip 

9.  Maximum  abdomen 

10.  High-hip 

11.  Right  bicep 

12.  Left  bicep 

13.  Right  elbow 

14.  Left  elbow 

15.  Right  forearm 

16.  Left  forearm 

17.  Right  wrist 

18.  Left  wrist 

19.  Right  upper- thigh 

20.  Left  upper- thigh 

21.  Right  thigh 

22.  Left  thigh 

23.  Right  knee 

24.  Left  knee 

25.  Right  calf 

26.  Left  calf 

27.  Right  upper  ankle 

28.  Left  upper  ankle 

29.  Right  ankle 

30.  Left  ankle 

Distances 

31.  Right  over  bust 

32.  Right  bust  to  waist 

33.  Left  over  bust 

34.  Left  bust  to  waist 

35.  Right  shoulder  to  bust  point 

36.  Left  shoulder  to  bust  point 

37.  Bust  point  to  bust  point 

38.  Front  neck  to  waist 

39.  Right  armscye  to  center-front  waist 

40.  Left  armscye  to  center-front  waist 

41.  Right  front  shoulder  to  waist 


42.  Left  front  shoulder  to  waist 

43.  Right  arm 

44.  Left  arm 

45.  Right  forearm 

46.  Left  forearm 

47.  Right  sideseam 

48.  Left  sideseam 

49.  Right  imderarm 

50.  Left  rmderarm 

51.  Right  inseam 

52.  Left  inseam 

53.  Front  across  shoulder 

54.  Chest  width 

55.  Crotch  depth 

56.  Back  neck  to  waist 

57.  Shoulder  blade  width 

58.  Right  over  shoulder  blade 

59.  Left  over  shoulder  blade 

60.  Right  armscye  to  center-back  waist 

61.  Left  armscye  to  center-back  waist 

62.  Right  back  shoulder  to  waist 

63.  Left  back  shoulder  to  waist 

64.  Back  across  shoulder 

65.  Right  shoulder  width 

66.  Left  shoulder  width 

67.  Sleeve  length 

68.  Stature 


3.1.1  Hardware  preparation,  n/a 

3.1.2  Software  preparation,  n/a 

3.1.3  Other  pretest  preparations,  n/a 
4.0  Test  descriptions. 

4.1  Test  ofSDM. 

4.1.1.  Test  cases  for  3DM. 

4. 1.1.1  Requirements  addressed. 

A  test  case  helps  evaluate  how  well  3DM  takes  measurements  from  a  digitized  form 
of  the  human  body. 

4.1. 1.2  Prerequisite  conditions. 

A  requirement  of  this  test  is  that  several  samples  of  full  scans  of  the  human 
body  have  been  successfully  taken  from  a  3D  scanner. 


4:. l.l.Z.  Test  inputs. 

Input  to  this  test  are  the  scans  described  in  4. 1.1.2.  Also  required  are  the 
definitions  of  landmarks  and  measurements  described  in  3.10. 

A  comparison  will  be  conducted  between  the  measurements  obtained  using  3DM 
and  measurements  taken  manually.  The  differences  in  measurements  will  be  noted 
and  analyzed  and,  if  appropriate,  modifications  will  be  made  to  the  computer 
software. 

4.1. 1.4  Expected  test  results. 

3DM  is  expected  to  predict  the  same  measurements  obtained  manually. 

4. 1.1.5  Criteria  for  evaluating  results. 

Statistical  analyses  will  be  used  to  measure  how  close  the  computer-assisted  and 
manual  measurements  are  to  one  another. 

4. 1.1. 1.6  Test  procedure. 

The  computer-assisted  set  of  measurements  will  be  compared  with  the  manually- 
obtained  set  of  measurements.  Differences  will  be  noted.  The  differences  will 
be  subjected  to  statistical  testing,  specifically  whether  the  differences  could 
possibly  come  from  a  normal  population  of  values  with  mean  zero.  If  so,  then  the 
conclusion  will  be  that  the  differences  are  not  significant  and  that  the  computer- 
assisted  measurements  will  be  judged  equivalent  to  the  manual  measurements.  If 
significant  differences  are  found,  a  study  of  where  the  differences  lie  and 
modifications  to  the  3DM  software  will  be  made  wherever  necessary. 

4.1. 1.1. 7  Assumptions  and  constraints,  n/a 
5.0  Requirements  traceability. 

Testing  described  herein  is  intended  to  determine  how  well  3DM  satisfies  the 
requirement  to  take  measurements  from  a  digitized  human  image. 


6.0  Notes,  n/a 


SOFTWARE  USERS  MANUAL— 3DM:  Computer-Assisted  Measurement 
Extraction 

See  Appendix  C 


